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Department of Energy 

Fernaid Environmental Management Project 
P. 0. Box 538705 

Cincinnati, Ohio 45253-8705 

'FEB I 41996 

(5 1 3) 648-31 55 

DO E-0333-96 

Mr. Paul Pardi 
Ohio Environmental Protection Agency 
Division of Hazardous Waste Management 
401 E. 5th Street 
Dayton, Ohio 45402-291 1 

Dear Mr. Pardi: 

KIMBLE PROPERTY - CHARACTERIZATION DATA AND ARSENIC CLEANUP LEVELS 

The purpose of this letter is to  document information that has been transmitted t o  your 
office informally over the last few months to  address questions raised in your October 23, 
1995, letter t o  our office and other questions raised in discussions with your office 
concerning cleanup o f  the Kimble Property. The first enclosure is a letter from Bechtel t o  Ed 
Skintik (November 30, 1995) which provides the characterization plan (location and extent 
of radioactive and chemical'contamination), site maps with sampling locations, revised data 
summary table and Rumpke approval letter for disposal of non-radioactive soils. The second 
enclosure is the background sampling results for the Hamilton/Oxford, Ohio area; this 
enclosure provides surface soil data that supported the cleanup levels of 9.6 mg/kg for 
arsenic and 20.0 mg/kg (total analysis) that were given in the Remediation Work Plan that 
was submitted t o  your office on October 3, 1995. The third enclosure is a letter from 
Bechtel to  Dennis Riley (December 20, 1995) that stressed the need t o  reassess the cleanup 
level for arsenic, and proposed changing the cleanup level from 9.6 mg/kg t o  20 mg/kg 
based on included data from four background soil sampling locations on the Kimble Property 
with soil samples being taken a t  6 inch intervals to  a depth of 3 feet. In response t o  a 
request from Chris Budich on soil description, Bechtel sent t o  Mr. Budich (fourth enclosure, 
letter, January 8, 1996) information on the soil classification for the four background 
samples taken on  the  Kimble Property and also a document entitled "Soil Survey of Butler 
County, Ohio" that was prepared by the United States Department of Agriculture and Soil 
Conservation Service, The fifth enclosure is a summary of five on-site background sampling 
results (fax, January 17, 1996) for chromium and arsenic, respective soil descriptions and 
sampling locations on the Kimble Property; a fifth background sample was added t o  provide 
a better statistical base for the background data per discussions with your office. 

Upon r'eview of the  above data, your office proposed that the arsenic cleanup criteria be 
divided into t w o  tiers: 11 mglkg for 0 to  2 feet from the surface and 30 mglkg for depths 
greater than 2 feet f rom the surface. Upon review of the conditions at the site and 
concerns about possibly removing soil that was believed t o  be background level, Bechtel 
performed a statistical analysis of the data t o  resolve t w o  issues: 1) determine whether the 
data supports that one value can be used for all soil depths; and 2) determine what that 
background value would be and establish a cleanup level for arsenic based on that data. 
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The final enclosure is Bechtel's statistical analysis on the arsenic data with the results 
showing that: 1) one value can be used for all soil depths, and: 2) using the Resource 
Conservation and Recovery Act (RCRA) closure guidance, a mean plus t w o  standard 
deviations on the lognormal data gives a value o f  26.2 mglkg for the arsenic cleanup level. 

The action level of 26.2 rnglkg for arsenic shall be used as a cleanup standard for soil in 
those areas that may have been impacted by the storage andlor disposal of the treated 
wood and ash. 

Please provide your concurrence on  the above approach to remediating the Kimble Property. 
If you have any questions, please contact Ed Skintik (513) 648-3151. 

Sincerely, - 

W? ck R. Craig 
u i r e c t o r  I 

Enclosures: As Stated 

cc wlenc: 

C. M. Budich, OEPA-SWDO 

cc wlo enc: 

G. Mitchell, OEPA-SWDO 
T. Schneider, OEPA-SWDO 
W. Quaider, DOE-FN 
D. Riley, DOE-FN 
D. Fleas, Bechtel National, Inc. 
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Oak Ridge Corporate Center 
151 Lafayette Drive 
P.O. Box 350 
Oak Ridge, Tennessee 3783 1-0350 

Facsimile: (6 15) 220-2100 

Mr. Ed Skintik 

PO Box 538705 
Cincinnati, OH 45253-8705 

USDOE-FEMP , 

Dear iMr. Skintik: 

November 30, 1995 

As agreed during the November 2 1 teleconference between Chris Budich of the Ohio Environmental 
Protection Agency, Angela John of Bechtel Environmental, and yourself, we are providing you the 
requested materials and information. Included in this transmittal are the following enclosures: 

1. Characterization Plan for the Kimble Property 

2. Site civil survey map, with two enlargements indicating approximate soil sampling locations (Note 
that the sample identification numbers are truncated on the map such that only the last two numbers 
are listed) 

3. Revised data summary table 

4. Signed (faxed) copy of Chns Russell’s concurrence (Rumpke Special Waste Coordinator) agreeing 
to disposal of non-radioactive soils from the Kimble Property at Rumpke 

To identify the presence of mixed waste and to provide adequate waste classification information for the 
waste disposal facility, a sample strategy was developed that included collection of samples from the 
different waste forms identified at the site (wood, ash, soil, debris, etc.) and analysis for parameters 
specified in the Resource Conservation and Recovery Act (RCRA), including toxicity as determined by 
the toxicity characteristic leachmg procedure (TCLP). Ash was found to exhibit the toxicity 
characteristic for chromium (contains leachable chromium in concentrations that exceeded RCRA 
limits); no other hazardous materials were identified. 

Once the ash was identified as RCRA waste, subsequent sampling of the ash pit (samples KPS-CH-032 
through -036) defined the depth of the hazardous waste and the depth of the non-hazardous waste 
beneath. Soil samples were collected beneath and surrounding the ash material and were analyzed for 
total metals by inductively coupled plasma atomic emission spectrophotometry (ICPAES) for direct 
comparison to the site chromium clean up criterion. Four samples were analyzed both for total 

Bechtel ~ational, ~nc,  ~004903 
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Mr. Ed Skintik 
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US DOE-FEMP 

chromium and for TCLP-Chromium (KPS-CH-O15A, -032A2, -035A2, -041) to correlate the two 
parameters to ensure that no hazardous waste was inadvertently identified as non-hazardous chromium- 
containing waste. 

In comments provided in the October 23 letter fiorn Mr. Chris Budich to Mr. Jack Craig regarding the 
Kimble property Remediationwork Plan, Mr. Budich raised several concerns to which we would also 
like to respond in this letter. 

1. -: “It is the EPA’s position that the arsenically treated wood timbers be considered a 
demolition waste and not a hazardous waste.” 

Response: Redwood will be managed as part of the radioactive wastestream, rather than as part of 
the hazardous waste stream, at the Kimble site. 

2. C o r n e a :  “The workplan indicates in Section 4.0 that the soil underlying the redwood storage areas 
would only be characterized for radiological contamination. Ohio EPA feels that there is a 
possibility for the leaching of arsenic and chrome fiom the stored wood. Thus, Ohio EPA requests 
that DOE evaluate this underlying soil for arsenic and chrome ...” 

R-: To determine if chromium, arsenic, or radioactivity leached fiom the wood onto the soils 
beneath wood storage areas, these soils were tested for total chromium, total arsenic, and uranium, 
and were found to contain elevated concentrations of chromium. Soils beneath deteriorated wood 
also contained elevated uranium concentrations. Chemically and radioactively contaminated 
materials are being excavated, managed, and disposed appropriately. 

3. Comment: “...soil exhibiting levels of [arsenic and chromium] above background [should] be 
excavated ... 7,  

Response: The work plan identifies site clean up criteria of 9.6 mgkg arsenic and 20 mgkg 
chromium, respectively. Six samples were collected from background locations in the vicinity of the 
Kimble property. The samples were analyzed for chromium and arsenic by ICPAES, and the 
analytical results indicate that the above listed criteria are equivalent to background within 2 
standard deviations. 
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If you have any questions or concerns, please contact me at (423) 576-1699. Questions of a technical 
nature may be directed to Angela John at (423) 576-0410. 

Sincerely, 
A 

V A .  J. Boos 
Project Manager, 
Kimble Property Remediation 

Concurrence: A. K John @ 
J. G. Wood 

Enclosures 

cc: Dennis Riley, DOE Site Manager (acting), Kimble Property Remediation 
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1.0 Health and Safety 

The guidelines stared in the Site Specific Health and Safety Plan for the Kimble Property Site will 
be followed. As appropriate, Hazardous Work Permits (m) will be completed listing the PPE 
requirements for the individual tasks, and listins hazards associated with the work. Workers will be 
briefed on HWP contents prior to starting wprk. 

2.0 Site Background Information 

The following section provides details of the origin and mechanism of the site contamination. To 
the extent possible, the characterization team should utilize all available historical and process 
knowledge coupled with survey data, such that characterization sample locations may be optimally 
placed. 

The Kimble property is a private residence located at 4090 Stillwell Road, in Hamilton, Ohio. The 
property covers approximately 8 acres, bisected by Stillwell Road into a northern and southern 
parcel. The northern parcel is approximately 5 acres and contains a barn with attached shed, the 
property owner's residence, a debris pile, an ash pile, a wood storage pile, and an old school bus. 
On the southern parcel is another barn, a debris pile, and a drainage ditchlcreek. Much of the 
property is forested .(Figure 1). 

, _  

Uranium contamination (of uncertak isotopic distribution) has been identified on materials 
originating from Fernald Feed Materials Plant, including treated redwood derived from a cooling 
tower, a 1943 International school bus, pieces of scrap metal, and other buildins supplies and 
debris. The redwood exhibits elevated concentrations of arsenic and chromium as preservatives; 
these metals were subsequently concentrated in the ash when the material was burned and now 
represent a contaninant of concern in that waste. 

Radioactive contamination on the Kimble properry is known or suspected to exist in the following 
locations : 

Redwood 
- 

- landscaping timbers and lattices 
- baseboard of garage 
- 
- braces of fence 
- storage pile of timbers 

craft constructions (birdhouses , doghouses, squirrel boxes, picture frames) 

framework of the north and south barn 

Concrete floor 
- north barn where woodworking was conducted and in the area of the potbellied stove used to 

burn wood scraps 



Ash from burnt redwood and soils in contact with it 
- ash pit and debris pile 

Deb& 
- 
- 

1943 International school bus; materials stored within. 
debris in piles on north and south parcels 

A small amount of contaminated redwood was transported from the Kimble property to the Calloway 
property at 3535 Sneakville Road, Lawrenceburg, Indiana, where it was used for landscaping aIong 
the driveway. 

3.0 Data Quality Objectives (DQO) 

Preliminary sample results indicate that the primary radioactive contaminant on this property is 
uranium present in natural isotopic abundance. In addition, the redwood ash exhibits concentrations 
of chromium and arsenic that are near or above the RCRA standards for classification as a 
characteristic waste. Probable areas of contamination which merit specific targeting during this 
characterization effort include: 

0 e pot v stove - result of deposition of smoke and 
radioactively contaminated -dust generated during burning of contaminated wood . -  

e floors. ex? a n s l o w .  floor cracks- s ubslab so ils - in the North barn, ashfdebris/saw dust . . .  
falling to the floor and becoming embedded in or migrating through cracks and joint 
material 

cxter1or so &, especially adjacent to areas of known contamination where rainfall could 
spread the contamination (ash pile, bus, debris piles), adjacent to exterior doors (sweeping 
scenario), along traffic or storm drainage areas (tracking, intentional or meteorological 
transport'scenario), and along the drip line of the north barn roof (deposition of 
contaminated particles in smoke from the pot belly stove) 

0 . oor drains, if present 

0 -, if present 

The Kimble Property Site is residential and the area around the site is sparsely populated; therefore, 
the possible receptors are residents and site remediation workers. The potential exposure scenarios 
include direct gamma radiation exposure, and inhalation dose to residents and workers who may 
come in contact with the contaminated ash or soils. 

To quantify the radioactive contaminants at the site, the analytical procedures for soil, ash, and 
wood samples will be alpha spectroscopy and , o m a  spectroscopy (soii/ash/wood). Samples 

die~010 
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collected for chemical analysis will be analyzed using standard techniques as specified in [he 
Chemical Analytical Services Subcontract (8NI CCN 121 143). 

, 
The minimum detectable activity @IDA) for analysis of uranium-238 (U-238) by field gamma 
spectroscopy (if available) shall be less than 5 pCi/g. The M I A  for laboratory gamma spectroscopy 
shall be less than 3 pCi/g. The MDA for isotopic uranium shall be 0.5 pCi/g or lower. The 
minimum detection limit (MDL) for Arsenic by Inductively Coupled Plasma Atomic Emission - 
Spectrophotometry (ICPAES) shall be less than 4.8 rng/kg, and the MDL for chromium by ICPAES 
shall be 10 mg/kg. 

The Quality indicator goals shall be as follows: Precision, f 2 si,sma; completeness, 90%; 
Accuracy, & 25 %). Specific quality assurance/quality assessment samples for this characterization 
are identified in section 4.7. 

4.0 General Task Guidance 

This section provides general guidance that applies for sampling and surveying activities regardless 
of the specific location of execution. This general guidance is provided up front to minimize 
redundancy of instruction in the Task Specific Guidance sections 5.0, 6.0, and 7.0. 

4.1 DOE Guidelines and Site-specific Criteria 
, _  

Characterization results will be evaluated against the guidelines and criteria that will apply to 
remediation. These guidelines, summarized below, are defined in the Remediation Work Plan. 

The residual contarni&on guidelines for fL.ed and transferable radioactive contamhation (dpd100 
cm’> is: 

U-Natural, U-23 5, U-23 8, 
and associated decay products 

Beta-gamma emitters 

Averaze U Removable 
5,000 a 15,000 a 1,000 a 

5,000 15,000 1,000 

e The site-specific contamination guideline for soil is: 

Total Uranium 
C o n c e m  
35 pCi/g (aboire background) 

The clean-up criteria for metals associated with wood ash at the site are: 

Metal 
Arsenic 
Chromium 

9.6 m,o/kg 
20 mg/kg 

5 
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4.2 Decontamination 

Perform decontamination in accordance with direction provided in “Instruction Guide for 
Decontamination of Field Samplin,~ Equipment at F U S W  Sites (Revision 5)” using the 
appropriate method for the ypes of analytes of interest (radiological, organic, or inorganic). 

4.3 Coordination with Analytical Laboratories 

Coordinate with ThermoNuclear Services according to PI E2.3, “Interaction w i ~  the 
Radiological Support Subcontractor. ” 

Coordinate with Roy F. Weston according to PI E2.4, “Interaction with the Chemical Analysis 
Subcontractor. 

Coordinate with Applied Geotechnical Engineering Associates (AGEC) according to PI E2.7, 
“Interaction with the Geotechnical Analysis Subcontractor. 

4.4 Sample Identification 

Sample IDS shall confom’to the general format: KPS-CH+## for the Kimble Property. All 
samples from a single borehole will be assigned the same sample ID with a different two-letter 
depth identifiei: (AB for increment 0-1’; CD for increment 1-2’, etc.) All samples shall be 
labeled in sequential order, regardless of the matrix. Each QNQC sample will be identified 
according to the applicable sample ID followed by an additional two- or three-letter idenMier: - 
DP for field duplicate, -MS for matrix spike, -MSD for matrix splke duplicate. Rinse blanks 
shall be labeled KPS-RB-Month/day of collection. 

4.5 Field Screening of Samples 

Immediately after sample collection, screen each sampled soil increment to assess if adequate 
depth has been sampled in the particular borehole. Screen the sample in its sample container in 
an area with low background radiation using a portable betalgamma survey instrument 
(shielded HP-210 or equivalent) set for a 1 minute count. A n  equivalent count using an empty 
sample container may seme as the blank. The screening and background result, the detector 
serial number, and calibration date will be recorded in a field logbook along with the field 
observations specific to that borehoIe/sampIing location. 

. .  

4.6 Sample Analyses 

Request analysis of soil and ash samples by gamma spectroscopy (list 1 and 2) for 100% of the 
samples and isotopic-Uranium (iso-w by alpha spectroscopy for 5% of the samples. If field 
gamma spec capabilities are available, analyze all samples in the field lab, then submit to the 
lab 5% for gamma spec list 1 and 2, and iso-U. 

6 



Note: The purpose for analyzinz for iso-U (alpha spectroscopy) is to determine the ratios of the 
uranium isotopes to verify the type of contaminant (natural Uranium, depleted, enriched). The 
sampler should preferentially analyze for iso-U those samples that field screening indicates are 
significantly contaminated. In addition, the disposal facility requires alpha spectroscopy data 
for uranium; therefore, iso-U data is necessary for all components of the waste stream. 

- For alternate types of media (wood, etc.) to be analyzed for waste classification request iso-U 
and gamma spec list 1 and 2. 

Chemical analyses for waste classification include: 
Total Toxicity Characteristic Leachability Procedure (TCLP-total) 

TCLP-voiatiles, -base/neutraVacid extractable organics, -pesticides, -herbicides, and 
-metals (including Zn and Cu)]; 

Extractable Organic Halides (EOX); 
Reactivity4 , Reactivity-CN; 
Flashpoint; 

Samples for bounding the depth and horizontal extent of chemical contamination should be 
analyzed for arsenic and chromium by Inductively Coupled Plasma Atomic Emission 

Corrosivity-pH (for two soil/ash samples and any liquids sampled); and 
Paint Filter liquids (1 sample from each matrix). 

Spectrophotometry . -  (ICPAES). 

Geotechnical analyses. will consist of particle size analysis, moisture content, compaction test, 
vibratory free liquids, visual classification, and specific gravity. 

4.7 Quality Control Samples/Suryeys 

Collect one rinse blank from the sampling equipment for each day of sampling and 
analyze for those parameters being sampled on that day. As applicable, collect a rinse 
blank for iso-U, Total Organic Halogens (TOX), and ICPAES. To the extent feasible, 
attempt to minimize the number of days on whch chemical samples are collected to limit 
the number of rinse blanks required. If laboratory grade concentrated nitric acid is not 
available at the site for preservation of samples for radiological analysis, indicate on the 
field sample collection form that the laboratory shall preserve upon receipt. 

Collect field duplicate samples and survey measurements at a frequency of 1 duplicate for 
every 20 samples/survey measurements. Do not collect duplicates for TCLP analysis or 
for geotechnical parameters, including the paint filter test. 

Collect one matrix spike sample for each 20 samples analyzed for TCLP. Collect one 
matrix spike/rnatrix spike duplicate set for every 20 samples analyzed for EOX and for 
every 20 samples analyzed for I C P m s .  

7 
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4.5 Identification of Borehole Locations 

A civil survey of the property will be conducted during the fust few weeks of field work. 

Document sampling locations by measuring from two permanent smcmres or features (i,e. 
benchmarks) indicated on the civil survey, with the goal of obtaining measurements that are 

points can be relocated on figures by CADD. 
\ reproducible within +3 feet. Record sampling locations in the sample logbook so that the 

4.9 Logbook ,Maintenance, and Sample Packa,+g and Shipping 

Maintain field activity records in accordance with genera1 guidance in PI E2.9, "Control of 
Field Logbooks. I' 

Package and ship all samples in accordance with PI R4.7, "How to Ship Samples from a 
FUSRAP Site." 

Ship samples for analysis for radioactive parameters via Airborne to: 
The rmo Nuc 1 ear Services (TNS ) 
601 Scarboro Road 
Oak Ridge, TN 37830 
Attn: Sample Log-in . 

* -  

Ship samples for analysis for chemical parameters via Airborne to: 
Roy F. Weston, Inc. 
208 Welsh Pool Road 
Lionville, PA 19341 
Am: Sample Log-in 

IMPORTANT NOTE: To minimize analytical cost, if analytical holding times permit, attempt 
to s h p  chemical samples in batches of greater than two samples (different ID#). 

Ship samples for analysis for geotechnical parameters via Airborne to: 
Applied Geotechnical Engineering Consultants (AGEC) 
c/o Mountain States Analytical 
1645 West 2200 South 
Salt Lake City, Utah 84119 
Attn: Scott Frazier 



Ship samples to Envirocare via UPS Ground no more chan 90 days prior to anticipated receipt 
of waste at Envirocare: 

> Envirocare of Utah, Inc. 
Attention: Sample Control 
Tooele County, USI-80, Exit 49 
Clive, Utah 84029 

NOTE: When shipping via UPS Ground, pickup must be scheduled one day in advance. 
Exact shipment weight is required at the time of the call for pic.kp. Payment must be cash (no 
account). 

4.10 Waste Management 

Containerize personal protective equipment (PPE) , discarded s m p l i n , ~  equipment, contact 
wastes, and other waste senerated during the sampIhg activities. If the waste is contaminated 
above DOE’S release criteria, dispose of as radioactive trash. Waste that is not contaminated 
above the DOE release criteria may be disposed of as municipa1 trash. Decontamination fluids 
will be containerized for disposal at Fernald. Drill spoils will be drummed (ash pile) or placed 
in LSA containers (soils), as directed by the site superintendent. 

5.0 Specific Task * -  Guidance - Field Surveying 

5.1 Site Background Research 

5.1.1 To optimally utilize process and historic information in identifying potentially 
contaminated areas, request a tour of the site from &he property owner. Ask the following 
questions : 

Was ash disposed of anywhere other than the ash pit and debris piles? For example, 
was ash used as a soil amendment in a vegetable or flower garden? Was ash swept 
out of any doorways in the barn? Was the chimney of the potbellied stove cleaned 
out? 

Where was sawdust disposed of’? Was sawdusc swept out of the barn doorways? 

Was waste buried anywhere on the property? Used to fill in holes? 

5.1.2 CoIIect background soil samples and measurements as directed in TMA Procedure 3C.2 
“Determination of Background” and consistent with the Post Rememdial Action Survey 
Plan as agreed upon by the independent verification contractor. 
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5.2 E.xterior Grounds Gamma Walkover 

5.2.1 Clearly delineate a site grid. According to the property owner, a civil survey of the 
propelry was conducted and there is a benchmark on the property. If a separate 
coordinate system is established, all grids must be referenced to the benchmark on the 
property. 

5.2.2 

5.2.3 

Conduct a systematic gamma walk-over survey using a FIDLER or equivalent in all 
exterior areas of the site. Walkover rate will be adequate to detect measurements of twice 
background or greater. Record all survey results in detail. This information will be used 
to identify sampling locations. For areas that are inaccessible, but that will be made 
accessible (i.e. debris piles), indicate such on the survey form and complete the survey 
once the obstacle is removed. 

Conduct biased walkover scans in the fo1IOwing areas that have been identified as having a 
higher potential for radioactive contamination: 
1. 
2. 
3. 
4. 
5. 

6 .  

the proposed footprint for the new barn (north parcel) 
the streadditch area of the property (north and south parcel) 
any other low spots to which drainage would run from areas of know contamination 
around the bases of trees where animal houses were mounted 
at the drip line of the’roof of the north barn (where the pot belly stove was used to 
burn’ iedwood) 
the soil beneath the bus, once the bus is dismantled and removed 

5.2.4 If gamma survey measurements exceed 2 times background, the hottest spot and the extent 
of the apparent surface contamination should be indicated using pin fI ags. In paved or 
0 craveled areas, hotspots may be identified using spray paint, paint pen, or carpenter’s 
crayon (as appropriate and as approved by the property owner). 

5.3 Direct/Transferrable contamination Surveys 

5.3.1 When encountered, survey concrete drains for direct beta/gamma radioactivity. If any 
direct readings exceed 1,000 d p d 1 0 0  cm2, take measurements for transferrable 
beta/gamma and direct and transferrable alpha radioactivity. 

5.3.2 Once the barns are emptied of material, perform a gamma walkover of the floors. 
Alternatively, if a floor monitor is available, utilize that instrument first and identify 
general areas of contamination. Delineate any contamination boundaries using hand-held 
instrumentation as appropriate. 

Pay special attention to the expansion joints and/or floor cracks (north barn), which are 
areas with the greatest potential for contamination. Mark any hot spots using spray paint 
or a paint pen. Record hotspot locations and readings in a field logbook or equivalent. 

. I .  *., ~ 
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5.3.3 

5.3.4 

5.3.4 

Survey any other interior areas that process knowledge suggests are likely to have become 
, contaminated, applying the general survey guidance described in Section 5.3.1. 

As the north barn is dismantled, survey roofing material (as described in 5.3.1) that is 
removed from the area surrounding the location of the c h e y  of the potbelly stove. 
Contaminated particles in the smoke might have settled onto the roof and been retained in 
rough areas of the roofmg. 

Where contamination may be expected based on proximi" to contaminated materials, scan 
the contacting area to confirm the radiological Status .  Compare scan results to DOE 
surface criteria. Areas of concern include tree trunks where bird and squirrel houses were 
mounted and the drip-line along the trunk below; walls where contaminated base boards or 
picture frames were hung; etc. Utilize the general methodology described in Section 
5.3.1. 

6.0 Specific Task Guidance - Chemical and Radiological Sampling 

The following section provides location-specific samplhg guidance. It includes guidance for both 
characterization and waste classification sampling and analysis for chemical and radioactive 
constituents. The analyses specified in the sections below are recommendations and may be revised 
by the ET lead based on process knowledge or field observations. Up to six samples of waste 
stream material should be analyzed for the waste classification parameters, as deemed appropriate by 
the ET and WhI lead during characterization. TO save analytical cost, if holding times will permit, 
the ET lead may elect to retain some samples on-site pending preliminary results from other 
increments. 

6.1 Ash Pit - Determination of Depth of Contamination 

6.1.1 

6.1.2 

6.1.3 

6.1.4 

Identify two to four locations in the ash pit with elevated gamma survey readings, and 
mark the location(s) for sampling to determine depth of contamination. 

Using appropriately decontaminated tools (stainless steel hand augers, spoons, and bowls) 
collect samples of soil from each 6" depth increment. 

For determination of depth of contarnination, continue sampling 6" beyond the bottom of 
the ash-like material (as determined by visual observation) QK to the depth where field 
screening indicates that the bottom of radioactive contamination has been reached, 
whichever occurs deepest. 

In the sampling logbook, record the depth of ash-like material. 

000017 
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6.1.5 Analyze the 2 most radioactively contaminated increments (as indicated by field screening 
results) for iso-U, ,aamma spec list 1 and 2, all standard waste classification parameters 
(only one sample for corrosivity-pH, flashpoint, and paint filter test), and ICPAES (As, 
Cr). 

6.1.6 Analyze all other increments for gamma spec list 1 and ICPAES (As, Cr). 

6.1.7 Collect MS/MSD and FD for the applicable analyses as directed in Section 4.7 

6.2 Ash Pit - Determination of Horizontal Extent of Contamination 

6.2.1 Identify the horizontal boundaries of the contamination as the point where FIDLER (or 
equivalent) readings decrease to less than two times background. Select up to 6 locations 
that will s e n e  to delineate the boundary of the ash pit(s). 

6.2.2 Using appropriately decontaminated tools (stainless steel hand augers, spoons, and bowls), 
collect samples of soil from 6" depth increments to a depth equivalent to the depth of 
contamination in the pit. Field screening results should indicate near background 
measurements for radioactivity for all bounding samples. 

6.2.3 Submit samples for analysis for gamma spec list 1 and ICPAES'(As, Cr). 

6.3 Soils Associated with the Debris Piles, Subslab, Bus, and Wood Storage Piles 

6.3.1 Once the underlying soil of the debris piles is exposed, utilize gamma walkover surveys to 
identify the area with highest measurements of radioactivity. If no elevated survey results 
are identified, select a location based on physical characteristics: ash-like appearance; low 
or moist indicating drainage to that location. 

Determine depth of contamination at one location in each debris pile by collecting samples 
at 6" increments to a depth of I' or until field screening indicates background readings for 
radioactivity, whichever occurs deepest. Use the methodology described for the ash pit 
(Section 6.1). Analyze the first increment for gamma spec list 1 and 2, Iso-U, waste 
classification parameters, and ICPAES (As, Cr). Collect only one sample for corrosivity- 
pH. Do not collect samples for paint filter or flashpoint. Analyze all deeper increments 
for gamma spec list 1 and ICPAES (Cr, As) only. If the ET team lead or designee deems 
it appropriate, collect soil samples from up to 3 locations for each pit to bound horizontal 
contamination. Utilize the same techniques as are described in Section 6.2. 

6.3.2 As the slab of the north barn is being. removed, identify the area of greatest radioactivity 
(if present). If no elevated radioactivity is noted, select a location in the area of floor 
cracWexpansion joint nearest the former location of the pot belly stove. Determine the 
depth of contamination as described in step 6.3.1, analyzing for gamma spec list 1 and 
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6.3.3 

ICPAES (As, Cr) in each 6" increment to a depth of 1' or until the bottom of the 
contamination is reached (field screening), whichever occurs deepest. 

, 
If elevated measurements of radioactivity are identified in the soils beneach the bus, collect 
samples from 1 location at 6" increments until the bottom of the radioactive contamination 
is reached or to a depth of l ' ,  whichever OCCUTS deepest. For the first increment, request 
analysis for :amma spec list 1 and 2, iso-U, waste classification parameters, and ICPAES 
(As, Cr). Do not analyze for paint fiiter or corrosivity-pH unless the physical appearance 
of the soil differs dramatically from other soil samples collected and analyzed for those 
parameters. For all deeper increments, d y z e  for gamma spec list 1 and ICPAES (As, 
Cr). If no elevated radioactivity measurements are detected, collect a 6" depth sample in 
the general location that underlay the bus' gas tank using visual cues to identify a location. 

6.4 Drainage Areas 

6.4.1 In drainage areas (ditches, creek in southern parcel), if walkover surveys indicate elevated 
radioactivity measurements, collect samples at 6" increments to a minimum depth of 1' to 
determine depth of contamination. Request analysis for gamma spec list 1 and ICPAES 
(As, Cr). 

6.4.2 If no elevated measurements are identified in the s t reddi tch ,  use visual cues to select an 
area of sediment deposition (Le.: interior curve of a meander, etc.) downstream of the 
areas of hiown contamination (especially the ash pits), and collect the samples described 
in the previous step. 

6.5 Discretionary Sampling: Other Hot Spots 

6.5.1 If the sampling team lead determines it to be appropriate, along the drip line of the roof of 
the North barn, based on gamma walkover survey readings and visual cues, select one 
sampling location. To determine if contaminated asldsmoke were deposited on the roof 
and washed to the ground, sample at 6" increments to a depth of 1' and analyze for 
0 oamma spec list 1 and ICPAES (As, Cr). 

At any other locations identified by gamma walkover to be contaminated and not 
specifically called out in the above sections, determine depth of contamination by 
sampling 6" increments to a minimum depth of 1' or until field screening indicates the 
bottom of contamination has been reached. Analyze by gamma spec list 1 and ICPAES 
(As, Cr). 

6.5.2 

6.6 Wood Samples 

6.6.1 To c o n f ~ m  the uniformity of the wood for disposal, collect 2 - 3 samples from different 
locations at the site: 1 sample of wood that has spent the majority of its on-site time 
sheltered from weathering, 1 sample from the Kimble Property that has been outside 
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barns, animal 
request analysis 

during its on-site time. Sourcks of wood to be sampled could include the 
houses, wood pile. For the sample that was not exposed to the elements. 
for gamma spec list 1 and 2, Iso-U, and all waste classification parameters excluding paint 
filter and corrosivity. For all other wood samples, at a minimum request analysis by 
3 o a m a  spec list 1; TCLP-metals, Cu, Zn; and TCLP-BNAE (semi-volatiles). 

6.7 MisceHaneous Waste Stream Samples 

6.7.1 During remediatiodremoval activities, as radiologically contaminated wooden 
constructions, debris, etc. are identified, examine each piece for paint. If paint is present, 
sample each distinct type for TCLP-metals (TCLP-Pb and -Cr, at a minimum). 

6.7.2 While dismantling the bus for disposal, identify any unique components that may represent 
a distinct portion of the waste stream (Le. gasoline, oil, lubricants, paint, etc.) and sample 
for the waste classifications deemed appropriate. 

6.5 Calloway Property SampIes 

6.8.1 Collect 1 - 6” soil sample from beneath the redwood timbers and analyze for ICPfiS 
(As, Cr) and gamma spec list 1. 

7.0 Specific Task Guidance - Waste Classification Sampling 

In addition to the samples for chemical and radiological.analysis collected as part of waste 
classification, geotechnical and waste stream representative samples must be collected. Details of 
sampling for chemical and radiological waste profiling are discussed in section 6.0. 

7.1 Geotechnical Samples 

7.1.1 Using a shovel or other applicable tool collect a 50 - 70 Ib. soil sample representative of 
the soil in the waste stream. Place the sample in an 8-gallon drum lined with a plastic 
bag. At a minimum, a sample of the ash/soil material in the ash pit should be analyzed 
for the geotechnical parameters. If substantial quantities of soil from a different location 
(i.e. beneath bus, subslab North barn) are identified, one additional 50 - 70 Ib. soil sample 
should be collected. At a minimum, for all distinctly different soils that will comprise the 
waste for disposal, vibratory free liquids must be determined. 

NOTE: The purpose of this sample is to determine the geotechnical properties of the soil 
that will comprise the waste stream. To the extent possible , the 50-pound soil sample 
should be from an area known to have relatively low concentrations of radioactive 
contaminants, based on field instrument readings. The lowest radioactivity possible is 
desired to prevent contamination of the laboratory; however, the sample must be 
representative of the material for disposal. 

(-J cr ( j  0 z-(-> 
* _  
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7.1.2 

7.1.3 

7.1.4 

Twist and tape the plastic bag shut inside the drum. Fill the void space with packfig 
, material to minimize shifting of the sample during shpment. 

Request analysis for particle size analysis, compaction test, vibratory free liquids, visual 
classification, moisture content, and specific gravity. Place a compIeted chain of custody 
form and analytical services request in a ziplock bag and tape to the inside of the dium 
lid. 

Ship to AGEC as instructed in section 4.9. 

7.2 Envirocare Waste Stream Component Sampling 

7.2.1 Samples are provided to Envirocare for them to determine the range of properties to 
expect in the waste stream generated during €LA of the site. To meet this objective, collect 
a 2-pound sample of each of the anticipated components of the waste stream. 

7.2.2 Collect at least five 2-pound samples, uskg any tools deemed appropriate. Include one 
each of the various waste stream components identified during characterization. As 
additional components are identified during remediation, collect 2-lb samples of those 
materials as appropriate. 

NOTE: Itis anticipated that the waste stream will consist of ash-like material, soil, wood, 
metal debris, and some concrete. If any other distinct waste stream components are 
identified in the debris piles or elsewhere, 2-lb samples of that material should also be 
submitted. 

7.2.3 For each sampled waste stream component, fd a 1-gallon paint can (lined with a ziplock 
plastic bag) with a 2-pound soil sample. Seal the plastic bag shut, and label the sample in 
sequential order: KpS-#i?. 

7.2.4 Place chain-of-custody labels on each paint can, and prepare BNI labels and chain-of- 
custody forms for documentation. The waste management logistics coordinator shall 
provide DOT labels, markings, and shipping papers, as appropriate and shall determine 
the optimum time for shipment. 

7.2.5 Package the paint cam in fiberboard boxes such that the composite package is a strong 
tight container, i.e., a container that will maintain its integrity throughout transportation 
during conditions normally incident to transportation. Ship as directed in section 4.9, 
when instructed to do so by &he Transportation and Logistics Coordinator. 
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8.0 Suggested Equipment 

General. 
1 
1 set 

10 
12 
1 
2 
100 
1 roll 

300 ft 
2 rolls 
16 rolls 
2 cans 
2 
8 
4 
1 

Spill kit 
Hand tools (Le. : wood chisels, hammer, mallet, adjustable wrench, shovel) 
3”  bucket augers with 2 handles, 4 extensions, clips 
Stainless steel bowls and spoons 
Scale capable of measuring to 70 pounds 
100 foot tape measures 
Pin flags 
Plastic sheeting 
Rad rope 
Caution tape 
Paper towels 
Spray paint, any color 
Paint pens for marlung concrete/asphalt 
barricades 
sawhorses 
freezer for freezing blue ice 

Sample labeling and paperwork 
2 box 
2 box 
2 

Indelible ink-pens (black ink) 
Sharpie permanent markers (fine and medium point) 
Clip boards wich compartment to keep papers clean and dry 

Sample Packa,aing 
6 
1 ’ Large box of Styrofoam peanuts for packing 
5 bags Vermiculite 
100 
10 
30 
20 
2 
3 
10 rolls Packing tape 
5 rolls Duct tape 
10 rolls Electrical tape 

One-gallon cubitainers with lids and boxes for rinse blanks 

Bubble-wrap bags to cushion bottles during shipment 
One-gallon metal paint cans for Envirocare samples 
1-gallon Ziplock plastic bags for paint can lining 
Fiberboard boxes for packaging samples 
Eight-gallon metal drum for AGEC sample, with lid and ring 
Plastic liners for metal drum (12 gallon garbage bags) 

Personnel and equipment decon and preservation supplies 
3 Box alconox powder 
10 
2 . Teflon squeeze bottles 
1 btl Isopropyl alcohol 

5 to 10-gallon plastic buckets with lids 
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1 btl 
1 
2 
2 
2 
1 
2 
2 
1 

10% HNO, 
Stainless Steel Sprayer for DI water 
Soft bristle brush (toilet brush) 
Small kitchen s l n k  brush 
Rolls aluminum foil 
Stainless steel funnel 
10 mL graduated cylinder (glass) 
Dispensers with pH paper 
Set of goggles, heavy gloves, and apron 

Saxripling Waste &lanagernent 
2 
1 

55-gaUon drums for sampling waste and soil cuttings and water 
drum dolly for rnaneuverin,o drums 

1 roll Rad bags 
1 roll large garbage bass 

PPE 
1 boxes 
2 boxes 

50 pairs 
25 pairs 
1 box 
3 
3 
3 
4 

Tyvek (large and extra large) 
phthalate free gloves (large) 
cotton glove liners 
cotton work slaves 
booties 
hardhats 
pairs safety glasses 
pairs safety sunglasses 
pairs Rain suits (2 medium, 2 large) 

Records (supplied by ET Representative at Oak Ridge Office) 
Required forms (chain-o f-custody forms, airbills, field sample collection forms, 
analytical services f o m ,  etc.) 
Chain of custody seals 
Field logbooks (radioactive and chemical) 

1 roll 
1 each 

Survey and Health and Safety Monitoring Equipment (provided by "LA) 
Radiation detection instruments, supplies, calibration sources 
Floor monitor 
Metal labels for nalgene jars 50 

6 sets 

2 
15 
4 cases 

" , 

061CdOZ3 

Chemical Sample Supplies (provided by Weston) 
Bottles, lids, labels for chemical analysis 
Vermiculite to cushion sample bottles and absorb leaks 

~~ 

Coolers for packaging chemical samples 
Blue ice to cool samples in transit 
HPLC water 
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Oak Ridge Cornomre Center 
151 Lafavcrre Orivc. 
P.O. Box 350 
Oak Ridqc. Tenncrsec 3783 1.0350 

FPCsinlilC: (6 15) 220-2 100 

Mr. Chris Russell 
Special Wastes CoordinaLor 
Rumpke Waste Sysrenis 
I0795 Hughes Road 
Cincinatti, OH 45251 

November 30, 1995 

b 

Dear Mr. Russell: 

This letter trimmits the proposed strategy for dccii:' ; iralion ol'ltirnble Propeity soils as non- 
ridioactive pri.3r to disposal at the Rumpkc fhciliq . 1, ou previously rcceivzd a faxed draft copy of this 
memoi-andunt l id  discussed and verbally approve(; i: during a telephone conversation with O ~ V  

Envirolxnsntrl Technologkc, Angda John. For fb.. .xl documentation that you concur that ou proposed 
strategy is su.if.cicnL to meet your needs, pleasc s i g n  the line below and return h s  letter LO mc at your 
carlicsr conven icncc. 

If you have auj' questions or conwnis, please conlxl rdic at (423) 576-1699 or Angela John at (433) 576- 
03 10. 

Sinccre I y, 

Project Manager, 
Kimble Propmy Rmediatioll 

hctosurcs 

Concurrence: . 
Chis  Russcll. Spccial Wastes Coordinarw Rumpke Waste Systems 

cc: Dennis Riley, DOE-Fcmald 
Ed Skintik, DOE-Fcmald 



Background 

I I I 

I 0.03 1 1.29: X .  X 

0.00. 1.801 X I  . x  
KPS-RA-004 ' 0.751 0.98. 0.02 r 1.75i X i  

KPS-RA-005 1 I 1.74, X :  X !  3.48, , 17.6; 4.6 

KPS-RA-007 1.73: X I  X '  3.46' 13.91 9.5 

1.14; X :  X I  2.281 I 12.7! 6.1 
KPS-RA-010 I .I ,601 X !  XI 3.20: 12.1 I 4.4 

3.141 i 14.91 5.9 Average I 

9.10. 17.8! 9.5 Max I i I 

Mln I 1.29' 12.1 i 4.4 
StdDev ! 2.38' 2.41 1.9 

KPS-RA-002 I 0.79. 0.47! 
KPS-RA-003 0.95' 0.851 

I 

! 
I X 

KPS-RA-006 , 4.55 X i  XI  9.10 17.81 5.6 

KPS-RA-008 ' 0.94 I X X i  1 .a8 t ! 15.01 5.0 
KPS-RA-009 I 

I 

I I 1 

I 

BACKGROUND SAMP LING RESULTS FOR THE HAMILTON/O XFORD. OHIO AREA 
I I I 

x indicates analysis not conducted. I 
I 

I I I I 

Note: Total Uranium (Tot-U) concentraQon IS the sum of U-238, U-234, and U-235 concentrattons 
for samples analyzed by alpha spectroscopy For samples analyzed by gamma spectroscopy, 
total uranium IS estimated by doubling the U-238 concentration, as IS standard practce when uranium 

I 
IS in natural isotopic abundance I I 
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Oak Ridge Corporare Cenrcr 
75 1 Lalayetre Drive 
P.O. Box 350 
Oak Ridge, Tennessee 3783 1-0350 

Facsimile: (6 15) 220 2 100 7 5 3 6  December 20, 1995 *.- L 

.MI. Dennis Riley 
U. S. Department of Energy 
Femald Area Office 
P.O. BOX 533705 
Cincinnati, OH 45253-8705 

Attent ion : Mr. Dennis Riley 

Subject : On-site Background Conditions at the Kimble Property Site 

Dear Mr. l?.ilcy: 

This letter docurnents the rationale for a proposed increase in the site clean-up criterion for arsenic, as 
discussed in your December I9 telecon with Dave Freas. Angie John. and Joe Wood. The cull-ent 
criterion, 9.6 mg;'kg cppm)? was evaluated during characterization and was deemed equivalent to off-site 
background: however, recent samplirig indicates that on-site background is substantially higher than the 
criterion. 

Selectm of @n -$lte Back- 

To evaluate the prr-existing conditions on the Kimble property, four locations were selected that would 
retlect coiiditioiis existing at the site prior to receipt of Fernald materials. These locations, which are 
shoun on the atxachcd figure. are situated along the easteni half of the propert?. Locations were selected 
bascd on remoteness from current or suspected past contact with Feniald-originating materials. 
Measurements of bera-gamma radioactivity in the areas indicate no radioactive contamination, Gamma 
spectroscopy analytical resulrs for surface soil samples collected at cach location indicate only 
background concentrations of uranium (Table 1). 

Site stomwater runoff drains generally to the ditches along the center line of the property on the 
northern parcel and to the sueam bed on the westeni edge of the southern parcel; therefore. topography 
limits the potential for surface runoff on the western portion of the site to reach the eastern portions of 

@ Bechtel National, Inc, 
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hlr. Dcnnis Riley 
Li. S. Department of Energy 
December 20, 1995 
Page 2 

the site. Inasmuch as the ash material and  the great majority of the wood storage occurred on the 
westein half of the property, the eastern portion was deemed the appropriate region for determination of 
on-site background conditions. 

Samples were collected at 6" intervals at each location until J depth of 3 ' was achieved or refusal was 
reached. whichever occurred first. The sampling locations on the southern parcel of the property ( U S -  
CH-046: KPS-CH-047) are both in a field that has been used for livestock. Sampling location US-CH- 
048 is in the lawn area of the propert)', away from my redwood constructions. Smpl ing  location KPS- 
CH-049 was the most physically distant location, situated in the densely forested area on the northeast 
comer of the property. l h e  remoteness of this location nidces it an area that is unlikely to have been 
used for any lund of ash disposal or redwood structure installation. 

Sampling results for the four on-sits background locations are presented on the figure and in the attached 
table. Evaluation of the arsenic results for these samples indicate that in on-site areas believed to be 
completely unaffected by Fernald-originating materials, arsenic concentrations may be expected to be as 
high as 19.2 mg/kg (with 95% confidence). Uniformly, arsenic concentrations in these areas exceed the 
current cleanup criterion. 

These concentrations are likely to be naturallv occurring. The United States Geological Survey 
professional paper 1270 "Element Concentrations in Soils and Other Surficial Materials of the 
Conterminous United States" (Shacklette and Boernpn, 1984) describes concentrations of metals in 
generally undisturbcd soils throughout the countr)., Background arsenic conceiitrations in Southern 
Ohio were found rsngjng from 10 to 65 ppm, in keeping with the concentrations found on the Kimblc 
property. 

m e n d a t i o n  f o r e  ssinc the i1r-e rion 

Based on thc arsenic results for samples collected From areas on-site that were not affected by Fernald- 
originating materials. there is strong evidence that on-site background exceeds the cumnt  cleanup 
guideline for the metal. rendering the current criterion an unattainable god. The criterion was adopted 
from the Record of Decision for Fernald's Operating Unit 5 .  The additional sampling dcscribed above 
indicates that this concentration is not consistent with on-site background at the Kimble property. To 
remediate the property of Fernald-originating material. we recommend that the criterion for arsenic be 
increascd to 20 rngkg, consisrenr with on-site, pre-existing conditions, 



41r. Dennis Riley 
Lr. S. Department of Energy 
December 20. 1995 
Page 3 

- 7 5 3 6  

There is no inhalation hazard for arsenic at 9 20 rng/kg concentration. Based on a conservative 
assumption of a dust level of J rnp'rn' for dusty activities such as coiistruction, the corresponding 
calculated airborne arsenic concentration would be 1 x 1 OI' mg/mJ. which is more than three orders of 
magnitude smaller than the OSHA exposure limit of 0.5 rng/rn3. I n  addition, remediation of the Kimblc 
property entails excavation of soils followed by backfilling with clean fill; concentrations of arsenic in 
the 10 - 20 mg'kg range will be subsurface (i.e. 18" to 4' below grade). making access to the soils 
extremely unlikely. 

Please contact Dave Freas at (423) 220-2221 or  myself at (423) 576-1 699, should you have my 
questions on this matter. 

Sincerely. 

FOR A. J. BOOS 
Project Manager, 
Kirnble Property Remediation 

Concurrence: ,I. K John (@ 
J. G. Wood 

AKJ/akj 

Enclosures 

cc: E. Skintik w/attachnent 
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1: OB -. 9ITEB ACKGROUND S- FOR lXiLKWB LE SITE 

Sample ID Location Depth U-238 Total U Chrorn 1 u m .4 rsen ic 
(pcW WUe) ( m g W  (mg/kg) 

WS-CH-OJGA N 146. E 279 0.5 I . 5  3 .oo M D A 19.2 6.1 
KPS-CH-046R I .O 18.3 8.8 
US-CH-046D 2.0 12.1 0.9 
I(PS-CH-047A h: 3 14, E 190 0.5 1 .? 3.40 ktDX 14.0 0.3 
KPS-CH-047B I .o 13.5 8.4 
KPS-CH-04814 N 5 5  1 .  E 266 0.5 1 .s 3 .GO MDX 15.6 9.4 
US-CH-O4SB I .o 13.3 10.0 
KPS -C H-04 8 D I .5  10.2 6.9 
KPS-CH-049.4 N 1070. E 260 0.5 I S  3.60 MDA 9.9 8.8 
KPS-CH-049B I .o 9.9 7.3 
US-CH-049D 2.0 20.9 15.8 
IiPS-CH-OJ9F 3 .O 14.1 14.3 

A v e r q c  14.3 11.4 
Standard Deviation 3.7 3.9 

Avg - 2 sigma 21.6 19.2 
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Oak R i d y  CorporJte Cenrer 
: S f  Lalayerre Drrve 

P 0 Box 350 
O a k  Rfdge. Tennessee 3783 1.0350 

F x s i m d e  (6151 220-2100 

J m u q  8. 1996 

Ohlo Envlronmental Protecnon Agency 
Divlsion of Hazardous Waste Management 
401 E. 5th Street 
Dayton, OH 45402-291 1 

Artcnnon: Mr. Chris Budlch 

Subject: IUMBLE PROPERTY CI-L4RACTERIZATION SAhtPLES 

DearMr. Budich: 

.As per vow' request, Bechtel IS prowding to you a techrucal description of the siibsurface soil sampled to 
identi& the onsite background concentrations of menic  and chromium at the Kimble property in Butler 
Count).. Ohio. Photographs of the soil profile at each sample location are also provlded for review 

nus submittal consists of an internal report memo dint defines general soil conditions in Butler County ;is 
developed by the U.S. Department of Agriculture and soil Conservahon Service arid a descnphon of the 
soil at each sample location. An appropriate soil map, site sketch. and survey document are provided as 
supporrivc mformation along with the photographs. From this information. it is Bechtcl's belief that the 
nnsite chnrnctcrization samples taken at the IOmble propem rue representative of typical soil conditions In 
his region and have not been altered by backfill or disposal events. 

[f there are any queshons p e r t m n g  to this dormation.  please call Angela John at (423)  576-04 10 

Very mlly yours. 

J. 00s 
Y .  Project Manager 

r V B / D F / t l y l  o:\wodchisc\budich lu 

Attachments I Internal Report Memo with followng items 
Site Sketch Soil Survev of Butler County Ohio 
Soil Maps Photogrnphs 
Phorograph Listing 



Sechtel 
i i t e d f i c e  Memorandum 

i o  D. Freas File No. 

su4//ccr Soil Description o tTes t  Pits at Kimble oar. January 5 ,  1996 
Propeny Site, Butler County, Ohio 
Bechtel Project No. 14501-460 From M . A .  Gage 

or G6:HES 

 coo,*^ ro K. Skinner 
R. Boutin 

A t  O R 0  * 2544 

At your request I have completed a review of photographs and  provided soil descriptions for 
four soil test locations at the above referenced site. The test excavations were conducted 
January 2 ,  1996. Depth of investigation ranged from 13 to 36 inches below %round surface. 
To assist in my description, I conducted a literature search for a characterization of rhe soils in 
Butler County Referenced is the “Soil Survey of Butler Co , Ohio”, developed by the U S 
Department of  Agriculture and Soil Conservation Service. January 1980 Excerpts from this 
reference are attached. Below are a general description of the soils from the literature and 
descriptions of soils exposed during the excavations My descriptions are based on 
int-orrnation from i e  literature and  the excavation phorographs you provided. Figure I shows 
the test locations. .Figure 1 is from the 1i:erature and shows the soil series present a t  the site. 

General  Descriptioii From “Soil Survey of Butler C o u n t y ,  Ohio” 

Site Location. Section I S ,  Township 4N, Range 2 E., Hanover ‘Township, Butler CO 
Ohio (Figure 2)  

Soils at the test areas are grouped into the Wynn and Xenia series. These series consist o f  
deep to moderately deep, well drained soils present on glacial t i l l  plains and uplands. Soil 
thickness ranges from approximately 30 to 60 inches. They are formed i n  a layer ofloess, in 
- lzlaclal t i l l ,  and the underlying calcareous shale and limestone bedrock SoIls have moderately 
slow to slow permeability, and  moderate to low water capacity Reaction ranges from 
strongly zcidic(5. i io 5 .5 )  to mildly alkaline (7.4 to 7.5)  in  the rooting zone. Support data 
;ncludinz descriptfcns, tables of engineering, physical ana chemical properties, and soil and 
water features are attached 



January 5 ,  1996 
Page 2 

2 

So i I Test Des c ri p t i  o ns 

? 5 3 6 .  

......... .......... ..- ...................................................................... Test Location Soil Description 
US-CH-0.16 jloc 1 )  

, ... ......................................................... ............................ .......... - ........... , ............... 
0 to 6 inches; dzrk yellowish orange ( L O Y R  616) silt loam (ML-CL. 
friable, w i t h  abundant roots ana organic plant material. 
6 to 24  inches; dark yellowish brown (IOYR 4/2) silty clav loam 
0, firm, with some well rounded $ravel and pebbles. 
24 to ;O inches; grayish brown (5YR 3/2) silrv clay loam (CL), firm. 
with some well rounded gravel and pebbles. 
0 to 5 inches; dark yellowish orange ( 1 O Y R  616) silt loam M L - C L ) ,  
friable, with abundant roots and organic plant material. 
6 I O  I3 inches. dark yellowish crange ( 1 C Y X  6/6) siltv clay loam (a, Z r m ,  Lvith some well rounded gravel and pebbles. 
11 L O  IS  Inches. dark yellowish b:own i 1OYR 4i2) siity clay loam 
(CL!, tlrm, with some well rounded gravel and pebbles 
0 [o Y Inches, olive $ray (5Y 312) s i l t  loam (ML-CL), friable. wi[h 
abundant roots and organic p ! m t  rnateriai. 
8 to 23 inches; light olive g a y  (51' 5/2) Tiitv clav loam (CL), firm, 
~ I t h  some well rounded %ravel and pebbles 
0 to 5 inches; light olive gray ( S Y R  5/2) silt loam N - C L ) ,  friable, 
k i t h  abundant roots and organic plant material. 
6 to 13 inches; light olive brown (5Y V6) silty clav loam ICL1, firm. 
l i t t l e  plant roots, with some well rounded cpvel and pebbles. 
I8 to 25 inches; olive gray (5Y 1 2 )  silty clav loam (CJ.,), firm. trace 

p!Ant mots, with some well rounded p v e l  and pebbles. 

KSP-CH-047 (loc. 7 )  

KSP-CH-CG?, (lot ;) 

KSP-CH-049 (loc. 4)  

I t  has been a pieasure 10 supccr, you Or\ this task P!ease advise it- you have any question or 
r~ e ed ad d i I ion ai i n fo r m a t io n 

A t t ac h m e n I 
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Soil Survey of 
GETl JUN 2 0 1985 

BUTLER COUNTY, 

United States Department oi Agriculture 
Soil Conservation Service 
in cooperat ion with 

Division o i  lands and Soils, and 
Ohio Agr icul tura l  Research and D e v e l o p m e n t  C e n  

' Ohio Department of N a t u r a l  Resources 
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iflches. makes excavation difficult and expensivg; howev- 
er, the bedrock is rippable by heavy equipment and 

iy  requires blasting. The many flagstones are unde- 
sl,a~le in a pond embankment. rJround water flowing on 

surface Of  the nearly impervious shale *,will cause 
,,t.r/eather seeps on some slopes and in waterways. 
'vVater can alSO seep into excavations if not intercepted 
afld drained OH. This is common on the lower parts of 

and foot slopes of hills. Low strength and poten- 
frost action are limitations for local roads but can be 

This soil is in capability subclass Ile: woodland suitabil- 
Overcome by using suitable base material. 

;w subclass 20. 

bvyB2-Wynn si l t  loam, 2 to 6 percent slopes, 
moderately eroded. This gently sloping. moderately 
deep, well drained soil IS on rims of high. upland ridges 
arid Crczsts and on hillsides where the glacial [ill is thin 
over shale and limestone bedrock. Most areas are elon- 
gated ~n shape and range from 3 to 100 acres in size. 
Many larger areas are dissectec by shallow w3teWayS. 
MOSt areas. especially those Surrounding the waterways. 
are moderately eroded. Many areas have common, flat 
limestone flagstones and igneous pebbles lying on the 
surface. especially on slope breaks. Slopes are quite 
long in some areas. Gsoth to bedrock ra'nges from 20 to 
A 0  inches. 

Typically, the surface layer is brown, friable silt loam 
about 8 inches thick. The subsoil is about 22 inches 
thick. The upper part is dark yellowish brown and brown, 
firm silty clay loam: :h9 middle part is dark reddish 
brown. firm clay with about 10 percent stone fragments: 
m d  the lower part is <ark reddish brown clay and light 
dive brown. firm clay with about 10 percent stone frag- 
ments. .The substratum, !c a degth of about 22 inches. is 
olive brown clay and dark readish Srowri. firm clay and 
heavy clay loam that is calcareous. Below 33 inches i t  is 
olive brawn, calcareous clay shale interbedded with dark 
gray. thin-bedded strata of fossiiiferous limesione of Or- 
dovician age. 

Included with this sail in mapping are small areas, 
generaily less than 2 acres in size, o f  moderately well 
drained. nearly level soils that have some gray monling 
in the subsoil. Also included aie small areas of Russell- 
Miamian, bedrock substratum, sails on the lower part of 
slopes. They are deeper than 40 inches lo bedrock and 
have a layer of stony ti l l  over shale and limestone. In 
addition, there are many. small, reddish brown or olive 
brown eroded spots that are sticky when wet and cloddy 
when dry because the clayey subsoil has been exposed 
by erosion. Small areas of Dana silt loam, bedrock sub- 
stratum, soils are inclusions in some areas. They have a 
darker surface layer and greater depth to bedrock. 
lhese inclusions make up about 15 percent of some of 
the high areas. 

In this Wynn soil. permeability is moderately slow to 
Slow. and available wafer capacity is low. Runoff is 
medium. Reaction ranges from strongly acid to neutral in 
the subsoil. and varies widely In rhe surface layer as a 

result O f  Past liming practices. The organic.matter Con- 
tent is low as a result or the loss of surtace soil by 
erosion. The sufiace layer tends Io crust or puddle ahor 
a hard rain. Root development is restricted by the shale 
and limestone bedrock. 

Most areas of  this Soil are farmed. Potential is medium 
for cultivated crops, hay, pasture, and trees. It is low /or 
building site development and sanitary facilities. 

This soil is suited to cultivated crops, small grain. and 
grasses and legumes fcr hay and pasture. If the so11 is 
used for cultivated crops. :here IS a hazard of further 
erosion. The control o f  erosion, maintenance of good 
tilth. and increase of organic matter are important to 
good management. No-till or minimum tillage. using crop 
residues. winter cwer  crops and. grassed waterways, 
reduces erosicn and helps maintain [he organicmazer 
content of  the soil. In many areas, slopes are long 
enough and smooth enough to be terraced and farmed 
on the contour. Returning crop residues to the soil or the 
regular addition of  other organic material helps to im. 
prove fecility, reduce crusting. and increase water infiltra- 
tion. The soil tends to become droughty in summer and 
fall because of the limited depth to bedrock. 

The use of  this sod for pasture or hay is also etfective 
tn controlling eloslon. Gram-tg when the soil is too wet. 
however. will cause surface compaction, excessive 
runoff ,  and poor (11th. Proper stocking rates, pasture rota- 
tion. timely deferment of grazing. and restricted use 
during wet pericds help to keep the pasture and soil in 
good condition. 

This sod is suited to trees. and some areas remain in 
hardwoods. TrSe seeds, cuitings. and seedlings survive 
and grow well if com7eting vegetation is controlled or 
removed by srte preoaralion and by sprayrng. cutting, or 
girdling There are few soii limltatrons that atiect planting 
or harvesting trees. Tree seedlings are machine planted 
on this sod. 

This soil has limitations for buildmg site development 
and for sanitary facilities. The interbedded shale and 
limestone bedrock, at a depth of 20 to 40 inches, make 
excavations difficult and expensive; however, the bed- 
rock is rippable by heavy equipment and rarely requires 
blasting. The many flagstones rn this soil make i t  unde- 
sirable for use in pond embankments. Ground water 
flowing on the surface of the nearly imperious shale 
caiises wet wea:her seeps on some slopes and in water- 
ways. Waler can seep 
and drained off .  This IS 

slopes and fool slopes of hills. Low strength and poten- 
tial frost action are limitations for local roads bul can be 
overcome by using suitable base material 

This soil Is in CaDabiliry subclass Ile: woodland suilabil- 
ity subclass 20. 

lower parts of 

WyC2-Wynn si l t  loam, 6 to 1 2  percent slopes, 
moderately eroded. This moderately sloping. mcderate- 
lY  deep. well drained soil is on sides and crests of  high. 
upland ridges and hills where the glacial 1111 is thin Over 
shale and limestone bedrock. Many areas are Crescent 



:aped belts around rather large waterways. between 
(? higher ridgetop divides and the steep soils irnmedi- 
:?iy adjacent to the waterway. Individual areas range 
?in 3 to 120 acres in size. Most areas ar,e dissected by 
,?terways. and, especially around the waterways. are 
oderately eroded. Slopes are quite long in some areas. 
(qth to bedrock is 20 lo 40 inches. Many areas have 
jrnmon llagstones and igneous pebbles on the surface. 
;;?ecially on slope breaks in cultivated fields and in and 
m n d  waterways. 

lypically. the surface layer is brown. friable silt loam 
bout 0 inches thick. The subsoil is about 21 inches 

The upper part is dark yellowish brown and brown, 
,r;l silty clay loam: the middle part is dark reddish 
:own, firm clay with about 10 percent stone fragments: 

the lower part is dark reddish brown clay intermin- 
/e(! &llh light olive brown firm clay. The substratum, to a 
. p [ ; l * .  of about 33 inches, is calcareous. olive brown clay 
.f ld ,;irk reddish brown, firm clay and heavy clay loam. 
]eIc./. 33 inches, olive brown, calcareous clay shale 1s 
-1terrlitdded with dark gray. thin-bedded strata of fossill- 
srous limestone bedrock. 

InClilded with this soil in mapping are small areas Of 

iden soils. Wynn soils have a component of till in the 
;t1bsod. and Eden soils do not. Also included are small 

I \  of Miamian-Russell, bedrock substratum, soils. 
-t . . " ;  are deeper to bedrock than Wynn soils. and gener- 
lil: nave n layer of Stony till over the bearock. Also 
:~(.!!:ded are small areas where the soil is severely 
!tc.ded. These show up on the landscape as Olive 
,r,:twn, "eroded" spots. They are sticky when wet and 
:ic.-!dy when dry because the weathered clayey shale IS 
.x:?(Jsed. These areas are generally less than 24 inches 
:., :~[erbedded shale and limestone. Small areas of Dana 
;;ii loam, bedrock substratum. soils are inclusions In 
:(:me places They have a darker surface layer and are 
jttsper to bedrock than Wynn sods. These included soils 
7;lke u o  about 20 percent of some of the larger areas. 

1;: this Wynn soil permeability is moderately slow to 
;low, arid available water capacity is low. Runof f  Is rapid. 
lt!action ranges from strongly acid to neutral in the 
;lJt):;Oil and varies widely in the surface layer as a result 
9 local liming practices. The organic-matter content is 
o w  2s a result Of the loss of surface soil by erosion. The 
;kir!ace layer tends to crust or puddle after a hard rain. 
?ciot development is restricted by the shale and lime- 
;:;)ne bedrock. 

'i4/hileLmany areas O f ,  this soil are farmed. about an 
?qual acreage is in pasture or Irees. The soil has 
w ~ i u m  potential for growing cultivated crops, hay, pas- 
~ 5 : .  and trees.. It has low potential for building site 
;<avelopment and sanitary facilities because oI slope and 
m r e d  depth to bedrock. 

i tiis sod is suited to cultivated crops, small grain, and 
; i  r s e s  ana legumes for hay and pasture. If the 50il is 
I3,:rl for cultivated crops, there IS a severe hazard of 
:t<:twr erosion. The  COfltrol of wosion. mainlenance of 
;(;ad lilth. and increase of  organic matter are important 

{iood management. No-till or minimum tillage using 

SOIL SURVEY 

crop residues. winter cover Crops. and grassed water. 
ways reduces erosion and helps maintain the organic- 
matter content of the  soil. Many slopes are long enough 
and smooth enough to be stripcropped or terraced and 
farmed on the Contour. Returning crop residues to the 
soil or the regular addition of  other organic material 
helps to improve fertility. prevent crusting, and increase 
water infiltration. This Soil lends to become droughty in 
summer and fall because of limited depth to bedrock and 
rapid runoff. 

The use of this soil for pasfure or hay is also very 
effective in controlling erosion. Grazing when the soil is 
too wet. however, will cause surface compaction, exces- 
sive runoff, and poor tilth. Proper stocking rates, pasture 
rotation. timely deferment o f  grazing, and restricted use 
during wet periods help to keep the pasture and soil in 
good condition. 

This sail is sulted to tiees. and some areas remain in 
hardwoods. Tree seeds. cuttings, and seedlings survive 
and grow well i f  competing vegetation is controlled or 
removed by site preparation and by spraying. cutting. or 
girdling. There are few soil limitations that affect planting 
or harvesting trees. Tree Seedlings are machine planted 
on this soil. 

This soil has limitations for building site development 
and for sanitary facilities. The interbedded shale and 
limestone bedrock underlying this soil, at a depth 01 20 
to 40 inches. make excavation difficult and expensive; 
however, the bedrock is rippable b y  heavy equipment 
and rarely requires blasting. The many llagstones are 
undesirable in a pond embankment. Ground water flow- 
ing on the surface of the nearly impervious shale causes 
wet weather seeps an some slopes and in waterways. 
Water can also seep into excavations if not intercepled 
and drained of f .  This is common or, ihe lower parts of 
slopes and foot slopes of hills. LOW strength and poten- 
tial frost action are limitations for local roads, but can be 
overcome by using suitable base material. 

This soil is in capability subclass Ille; woodland suit- 
ability subclass 20. 

WzC3-Wynn silty clay loam, 6 to 12 percent 
slopes, severely eroded. This moderately sloping. mod- 
erately deep, well drained soil is on knobs, on the upper 
pan of the long side slopes, and on side slopes that 
receive surface runoff from higher areas. Some fan 
shaped areas are on hillsides where the glacial till is only 
a thrn smear over shale and limestone bedrock. Most 
areas have been Cultivated up and down the hill and 
have become dissected by shallow gullies and water- 
ways because of very rapid surface runoff. These areas 
are now severely eroded and are characterized by a 
clayey. olive brown surface layer containing common, flat 
limestone Hagstones and igneous glacial pebbles. Indi- 
vidu,al areas range from 5 to 20 acres. Slopes are corn- 
rnonly short and abrupt. 

Typically, the surface layer is olive brown, firm silty 
clay ioam about 5 inches thick. The subsoil is about 15 
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oprnent and low for sanitary facilities. Potential is 
rnedlurn to high for most recreational development. 

The erosion hazard is moderate. lhlinimurn tillage, 
wlnler cover crops. and grassed waterways can prevent 
excessive soil loss. The soil's natural drainage generally 
is adequate for farming, but most crops will be benefited 
if random subsurface lines are installed to drain wet 
spots. In some areas, lime applications are required to 
maintain proper reaction in the rooting zone. The surface 
layer crusts after rain, but the regular addition of organic 
matter reduces crusting and improves fertility. Mainte- 
nance to control erosion and soil fertility and organic- 
matter levels is the main management concern. 

Using this soil for pasture or hay is effective in control- 
ling erosion. Grazing when the soil is wet, however, can 
cause surface compaction. excessive runoff, and poor 
tilth. Proper Stocking rates, pasture rotation. and restrict- 
ed use during wet periods help to keep the pasture and 
the soil irr good condition. 

This soil is well suited to t:ees. Plant competition is a 
moderate limitation, but tree seeds and seedlings Survive 
and grow well if the competing vegetation IS controlled. 
There are no other limitations for planting or harvesting 
trees. 

The moderately slow permeability arid seasonal high 
water table limit use of the soil for septic tank absorption 
fields. The seasonal high water table and depth to bed- 
rock limit shallow excavations. The soil's wetness, low 
strength, and seasonal high water table limit its use for 
small commercial buildings. The seasonal high water 
table is also a limitation for homes with basements. High 
frost action potential and low strength ara limitations for 
local roads. which can be overcome by using a suitable 
base material. 

The stony ti l l  or bedrock in the substratum of this soil 
rnakes all excavation difficult and expensive. It is rippa- 
ble. however. by heavy equipment and rarely requires 
blasting. The many flagstones in the till make i t  undesira- 
ble for pond embankment. Water flowing over the bed- 
rock can seep into excavations 11 it IS not intercepted 
and diverted. 

This soil I S  in capability subclass Ile; woodland suitabil- 
ity subclass la. 

XlBZ-Xenla silt loam, bedrock substratum, 2 to 6 
percent slopes, moderately eroded. This deep, gently 
sloping. moderately well drained soil is on bedrock-con- 
trolled till plains. Most areas are circular or irregular in 
shape and 2 to 200 acres. 

Typically. the surface layer IS dark grayish brown, 171- 
able silt loam about 7 inches thick. The subsoil is 29 
inches thick. The upper part is firm, brown silty clay 
loam: the middle part is firm. dark yellowish brown silty 
clay loam that has grayish brown mottles; and the lower 
part 6 tirm. dark yellowish brown clay loam with grayish 
brown mottles. The substratum, io a depth of 50 inches. 
is dark yellowish brown stony clay loam that is 15 to 30 

percent limestone flagstones. lnterbedded shale ar 
limestone bedrock of Ordovician age is at a depth of 5 
inches. The bedrock is at a depth of 48 to 7 2  inches. 
is more than 66 percent soft clay shale and less than 2 
percent crfstaline, fossiliferous, thin-bedded limeston, 

Included with this soil in mapping are small areas 
the somewhat poorly drained Fincastle. bedrock substri 
turn, soils. the well dramed Russell-Miamian, bedroc 
substratum, soils. and the well drained Wynn soils. Th 
Fincastle soils are grayer in the subsoil than this Xeni 
soil and are in low areas, usually at the head of  wate 
ways and in shallow basins. The Russell-Miamian soil 
are less gray rn the subsoil and are on the upper pan c 
the slopes. generally near the crest and shoulder. Th 
Wynn soils are also less gray in the subsoil but hav 
bedrock 20 lo 40 inches below the surface. Also incluc 
ed are some areas lhat are deeper than 72 inches t 
bedrock. 

This soil has moderately slow permeability. moderal 
available water capacity, and medium runotf. Tha surfac 
layer is low in organic-matter content, and tilth is gooc 
Reaction is rnedlum acid to mildly alkaline in the rcotint 
zone. The water table is perched over the subsoil i~ 
spring. 

This soil has high potential for cultivated crops. ani 
most areas are used as cropland. Corn. soybeans 
wheat, and hay are the rnaior crops. This soil also ha: 
high potential for pasture and woodland and lor wildlifc 
habitat. Potential is medium for building site developmen 
and low for sanitary facilities. Potential is medium to higt 
for most recreational development. 

The erosion hazard I S  moderate. Minimum tillage 
winter cover crops. and grassed waterways prevent ex 
CeSSive soil loss. Natural drainage of the soil generally i! 
adequate for farming. b ~ t  installing random subsurfacE 
lines to drain wet spots will benefit most crops. In sornc 
areas of  this soil, lime applications are required lo main- 
tain proper reaction tn the rooting zone. The surface 
layer Crusts afler rain, but the addition of organic mane1 
reduces crusting and improves soil fertility. Maintenance 
to Control erosion and soil fertility and organic-matter 
levels is the main management concern. 

Using this soil for pasture or hay is effective in control- 
ling erosion. Grazing when the soil is wet, however, can 
cause surface compaction, excessive runoff, and poor 
tilth. Proper s:ocking, pasture rotation. and restricted use 
during wet periods help keep the pasture and the soil in 
good condition. 

This soil is well suited io trees. Plant competition is a 
moderate limitation, but tree seeds and seedlings suwivr? 
and grow well if the competing vegetation is controlled. 
There are no other limitations for planting or harvesticg 
trees. 

Moderately slow permeability and a seasonal hi$ 
water table lmits use of this sod for septic tank absorp- 
tion fields. The high water table and depth to bedrock 
are alSO limitations for shallow excavations. soli wet- 
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moderately alkaline. In some pedons. a strongly illuviated 
horizon of clay and organic matter is at the contact of 
the calcareous sand and gravel. It normally has a darker 
colot than the overlying E horizon. The dolomite pebbles 
IO this layer show evidence of weathering 

The underlying C horizon ranges considerably in pro- 
portion of sand and gravel and in the degree of stratifica- 
tion. 

Wea series 
The Wea series consists of deep, well drained soils on 

glacial outwash terraces and plains. These soils formed 
In a mantle of loess in the underlying loamy outwash 
over sand and gravel. Slope is 0 to 6 percent. 

Th(!se soils have a higher silt content than is defined 
as the range for the Wea series, but this difference does 
not materially effect their use or management. 

Wea soils are srmilar to Tippecanoe soils and com- 
monly are adlacent to Ockley, Tippecanoe. and Warsaw 
ioils. Tippecanoe soils have 2-chroma mottles in the 
upper 75 centimeters of the argillic horizon. Ockley soils 
have a ochric epipedon and are in a tine-loamy family. 
Warsaw soils are in a fine-loamy family and have a 
solum that is less than 40 inches thick. 

Typical pedon of Wea silt loam, 0 to 2 percent slopes, 
;!bout 0.5 mile southwesl of Symmes Corner. Fairfield 
Township. R. 2. T. 1. section 3. from norrheast corner, 
! . 3  15 feet south and 1,980 feet west: 

Ap-0 to 9 inches; very dark grayish brown (1OYR 312) 
silt loam, dark brown (1OYR 3/31 rubbed; weak fine 
granular structure; friable: medium acid; abrupt 
smooth boundary. 

n 12-9 I O  14 inches; very dark grayish brown (10YR 
3/2) silt loam, dark brown (10YR 3 / 3 )  rubbed; mod- 
erate fine and medium subangular blocky structure; 
friable: slightly acid; clear wavy boundary. 

3 : - 1 4  lo 19 inches; dark yellowish brown (IOYR 4 / 4 )  
dark brown (10YR 2/31 heavy silt loam: moderate 
tine and medium subangular blockv structure; friable; 
slightly acid; clear smooth boundary. 

kVlt--19 to 25 inches; dark yellowish Srown (10YR 4/4)  
silly clay loam: dark brown (1OYP. 3 1 3 )  organic coat- 
ings on faces of peds; moderate medium subangular 
blocky struclure: firm: thin patchy clay films on faces 
of peds; slightly acid; clear wavy boundary 

1221-25 to 30 inches; dark yellowish brown ( l O Y R  414) 
silty clay loam; strong medium subangular blocky 
structure; firm: thin patchy dark brown (10YR 3 1 3 )  
clay films on vertical and horizontal faces of  peds; 
slightly acid: clear wavy boundary. 

3231-30 Io 35 inches: dark yellowish brown (10YR 4 / 4 )  
silty clay loam; strong medium subangular blocky 
structure; firm; thin patchy dark brown (10YR 3 / 3 )  
day films on vertical and horizontal faces of peds; 
slightly acid: clear wavy boundary. 

118241-35 to 41 inches; dark yellowish brown (10YR 
414)  clay loam; moderate medium and coarse su- 
bangular blocky structure; firm; thin palchy brown 
(10YR 413)  clay films on vertical faces of peds; 2 
percent rounded, 2 to 5 millimeter pebbles: 2 per- 
cent white chert fragments: slightly acid; clear wavy 
boundary. 

118251-41 to 4 8  inches: dark yellowish brown (10YR 
414)  clay loam: weak coarse subangular blocky 
structure; firm; thin patchy brown (10YR 413)  clay 
films on few vertical faces of peds: 3 percent round- 
ed, 2 to 5 millimeter pebbles: slightly acld: clear 
wavy bound a 'y . 

1183-48 Io 56 inches; dark brown (7.5YR 3 1 2 )  clay 
loam: weak coarse subangular blocky structure: firm: 
5 percent 2 to 5 millimeter pebbles: neutral: clear 
irregular boundary. 

lllC1-56 to 65 inches: yellowish brown ( IOYR 514) and 
brown ( 1  OYR 5/31 stratified gravelly loamy sand; 
single grained: loose: strong effervescence: moder- 
ately alkaline. 

The solum ranges lrom 4 0  to 70 inches in thickness. 
The Ap horizon has hue of  lOYR, value of 2 or 3. and 

chroma of  2. I t  is silt loam or loam. The A12 horizon, 
where present, is the same color and texture. 

The 81 horizon has hue of  l O Y A ,  value of 3 to 5. and 
chroma of 3 or 4 .  It is silt loam or light silty clay loam. 
The 821 horizon has hue of IOYR, value of 4 or 5. and 
chroma of 3 or 4. It is silt loam or silty clay loam. The IIB 
horizon has hue of lOYR or 7.5YR, value of 3 to 5. and 
chroma of 2 to 4 .  It is clay loam or loam. 

The IltC horizon is gravelly loamy sand or siratifled 
sand and gravel 

Wynn series 

The Wynn series consists of rnoderalely deep, well 
drained soils on uplands. Thicse soils have moderately 
slow or Slow permeability. They formed in a thin layer of 
loess, in glaclal till, and the underlying residuum from 
calcareous Clay shale and limestone bedrock. Slope is 2 
to 18 percent. 

Wynn soils are commonly adjacent to Eden soils. 
Wynn soils differ !rom Eden soils because part or a!l of 
the B horizon of  Wynn soils developed in glacial till and 
the 8 horizon of  Eden soils developed in residuum of 
clay shale and limestone. Wynn soils are also commonly 
adjacent lo Miamian-Russell, bedrock substratum, soils 
on similar positions on the landscape. Wynn soils have 
bedrock at a depth of  20 to 40 inches; the latter soils are 
more than 30 inches to stony till over bedrock. In addi- 
:ion. Miamian and Russell soils commonly have a thicker 
mantle of loess. 

Typical pedon of Wynn silt loam, 6 IO 1 2  percent 
slopes. moderately eroded, aboul 0.8 mile southeast of 
Somerville. Milford Township, T. 5 N., R .  2 E., section 2. 
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from SOUlhweSt corner, 1.580 feet north and 1,075 feet 
east: 

~ ~ - 0  to 8 inches. brown (IOYR 413) silt loam; weak 
fine granular structure; triable; many roofs; neutral; 
abrupt smooth boundary. 

61-8 to 12 inches: dark yellowish brown (10YR 4/4)  
silb clay loam; moderate line and medium subangu- 
la, blocky structure: friable: common roots: slightly 
acid; clear smooth boundary. 

6211-12 to 16 inches; brown (7.5YR 4/41  heavy silty 
clay loam; moderate medium subangular blocky 
structure, tirm; common roots; thin patchy dark 
brown (7.5YR 4/2)  clay films; 2 percent fine t i l l  peb- 
bles; slightly acid; clear wavy boundary. 

11822t-I6 to 21 inches: dark reddish brown (SYR 3!4) 
clay; moderate coarse subangular blocky structure: 
firm; common small roots: thin very patchy dark 
brown (7.5YR 412) clay films. fine root channels and 
voids lined with dark brown (7.5YA 4 / 2 )  coatings: 8 
percent coarse fragments including 3 percent lime- 
stone fragments; neutral: dear wavy boundary. 

1\823t-21 to 26 inches. dark reddish brown (5YR 3/41 
clay; moderate coarse subangular blocky structure; 
firm: few roots; thin very patchy dark brown (7.5YR 
412) clay films; 10 percent coarse tragments includ- 
ing 4 percent limestone fragments: neutral; clear 
wavy boundary 

1183-26 to 29 inches: 70 percent dark reddish brown 
(5YR 3/41 and 30 percent light olive brown (2.5Y 
5/4) clay: weak coarse subangular blocky structure; 
firm; few roots; 10 percent coarse fragments includ- 
ing 4 percent limestone fragments; neutral; clear 
smooth boundary. 

IllC-29 to 33 inches: 65 percent olive brown (2.5Y 4 / 4 )  
clay and 35 oercenl dark reddish brown ( 5 Y R  314) 
heavy clay loam; massive: firm: olive brown material 
has.strong effervescence. dark reddish brown mafe- 
rial has slight effervescence: 10 percent thin lime- 
stone fragments; abrupt smooth boundary. 

IllCr-33 to 4 5  inches: interbedded calcareous olive 
brown (2.5Y 4/41 clay shale and dark gray (1OYR 
411) thiri bedded strata of  limestone that is jointed, 
fossiliferous. and of Ordovician age. 

The solum ranges from 20 to 40 inches in thickness; a 
paralithic contact is within a depth of 4 0  inches. The 
upper part of the solum formed in a thin loess mantle 
that ranges from 10 to 22 inches in .thickness. the most 
common thickness is about 12 to 18 inches. There are 
no coarse fragments in the upper part ot the solum that 
formed in loess, and coarse fragments range f rom 2 io 
15 percent in the horizons formed in till. The Bt horizon 
formed prrncipa!ly from glacial fill containing a compo- 
nent Of local limestone and shale. The upper pan of the 
solum is strongly acid to neutral, and the lower pan IS 
neutral to moderately alkaline. 

The Ap horizon is dark brown (1OYR 413) or dark 
grayish brown (10YR 4/2), Undisturbed areas have an 
A1 horizon that is 2 to 5 inches thick and is very dark 
grayish brown (1OYR 3/2) or very dark brown (10YR 
212); these areas also have an A2 horizon that is 3 to 6 
inches thick, brown (IOYR 5/3) or pale brown (IOYR 
6/3), and has weak platy structure. The A horizon IS 
commonly silt loam: in moderately eroded areas i t  is silty 
clay loam and in severely eroded areas i t  is clay loam. 

The 8 horizon ranges from dark yellowish brown 
(10YR 4/4)  to dark reddish brown (SYR 3 /4 ) .  Coatings 
have hue of 7 . 5 Y R  or 10YA. value of 4 or 5, and chroma 
of 2 to 4. Texture of the 8 2  and 8 3  horizons is heavy 
clay loam, heavy silty clay loam, silty clay or clay. The 
83 horizon extends into calcareous till or residuum from 
Ordovician material. 

The C horizon typically IS calcareous clay residuum 
from shale but is calcareous clay loam fill in places. 
Skeletal material of limestone fragments or till pebbles 
make up as much as 50 percent of volume. The Cr 
horizon consists of interbedded calcareous shale on thin 
lointed strata of limestone with the shale predominating. 

Xenia series 
The Xenia series consists of deep, moderately well 

drained soils on glacial till plains and in till filled valleys. 
These soils formed in a mantle of loess and the underly- 
ing calcareous glacial till over Ordovician bedrock in 
many areas. They have moderately slow permeability. 
Slope is 0 to 6 percent. 

Xenia soils are commonly adjacent to Fincastle and 
Russell soils. Fincastle soils are dominantly 2 in chroma 
below the Ap horizon and Russell soils lack 2-chroma 
mottles in the upper 10 inches of the afgillic horizon. 

Typical pedon of  Xenia silt loam, 2 to 6 percent 
slopes. about 3 miles south of Monroe, Liberty Town- 
ship. A.  3. T. 3. section 9. lrorn southwest corner. 430" 
feet north and 2.190 feet east. 

AD-0 to 6 inches; dark grayish brawn (10YR 4 /2 )  silt 
loam; weak tIne granular structure: friable; neutral: 
clear smooth boundary. 

6&A-6 lo 10 inches; brown (10YR 5/3) (6 .  60 percent) 
and grayish brown (10YR 5/2) (A. 40 percent) heavy 
silt loam; weak fine and medrum subangular blocky 
structure; friable; slightly acid: abrupt smooth bound- 
ary. 

BZlt-10 to 1 4  inches; dark yellowish brown (10YRbl/4) 
silty clay loam: moderate fine and medium subangu- 
tar blocky structure; friable. lhin patchy grayish 
brown (10YR 5/21 clay films on surfaces of peds; 
medium acid; clear smooth boundary. 

8221-14 lo  20 inches; dark yellowish brown (10YR 414) 
silty clay loam: common medium distinct grayish 
brown (lOYR 5/2) and yellowish brown ( I O Y A  516) 
mottles: moderate medium subangular blocky struc- 
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lure; firm: thin patchy grayish brown (10YR 5/2) clay 
films on surfaces of peds; medium acid; clear wavy 
boundary. 

123-20 lo 25 inches; dark yellowish brown (IOYR 414) 
and yellowish brown (10YR 5 / 6 )  silty clay loam: 
Common tine distinct grayish brown (10YR 512) mot- 
tles: moderate medium subangular blocky structure; 
firm; thin patchy grayish brown (10YR 5 1 2 )  clay films 
on surfaces of peds; common small very dark brown 
( 1  OYR 212) iron-manganese concretions; medium 
acid: clear wavy boundary. 

18241-25 to 31 inches; yellowish brown (10YR 5 / 4  and 
516) silty clay loam: few fine faint grayish brown 
( l O Y R  5/2) mottles; moderate coarse subangular 
blocky structure: firm; thin very patchy grayish brown 
(iOYR 5/2) clay films on surfaces of peds: few fine 
very dark brown (1 OYR 2/2)  iron-manganese con- 
cretions; 2 percent fine angular till pebbles; neutral: 
clear smooth boundary. 

i83--31 to 37 inches. dark yellowish brown (t0YR 4 1 4 )  
clay loam; few medium distinct yellowish brown 
(10YR 5/6) and grayish brown (10YR 512) mottles: 
weak coarse subangular blocky structure: firm: 5 
percent fine angular till pebbles in upper part and 
limestone segregations in lower part of horizon: 
rnildly alkaline; abrupt irregular boundary. 

IC -37 to 72 inches; olive brown (2.5YR 414) light clay 
loam: many medium distinct grayish brown (2.SYR 
5/2) montes; massive; firm; 8 percent angular till 
pebbles; strong effervescence: moderately alkaline. 

''le thtckness of  the solum and depth to carbonates 
a;tcles from 36 to 50 inches. The loess cap ranges from 
12 :o 36 inches in thickness. 

;he Ap horizon is lOYR 4 1 2  or lOYR 3/4 .  It ranges 
w r !  medium acid lo neutral. It is silt loam. 

,110 82 horizon is lOYR 414, lOYR 5/4,  or lOYR 413. 
I 1 . :  silty clay loam. The llR2 horizon and 1163 horizons 
?rw!d in till and are similar to the 82 horizon in color, 
w l  are clay loam. 

. he C horizon is clay loam or loam till. 

'ormation of  the soils 
rhis section has two main parts. First, the important 

wlors of soil formation are discussed as they relate to 
II! formation of soils in Butler County. Next. the proc- 
sses of formation of soil horizons are described. 

actors of soil formation 

I he important factors in soil formation are parent ma- 
3ri,il, climate, living organisms, topography, and time 
Clirn31e and ltving organisms. particularly vegetation. 
t '  rhe active factors in soil formation. Their effect on 

IC' parent material is modified by topography and by the 

length of time the parent material has been acted upon. 
The relative importance of each factor differs from place 
lo  place. In some places, one factor dommafes and is 
responsible tor most of the soil properties, but normally, 
the interaction of all five factors determines the kind of 
soil that forms in any given place. 

Parent material 

Most soils in 8utler County formed in glacial materials 
of Wisconsin age or lllinoian age. These materials con- 
sist of glacial till, outwash material. loess. and silty and 
clayey lacustrine material. 

Some- soils formed in alluvial material washed from 
uplands. The Eden soils formed in residuum weathered 
from interbedded shale and limestone. They commonly 
contain many limestone flagstones and ha've the steeper 

The Miamian, Russell, Xenia, and Fincastle soils 
tormed in Wisconsin age glacial till covered with loess of 
variable thickness These soils are deep because they 
formed in thick soil materials. The Miamian soils general- 
ly are only moderately deep to carbonates because they 
lack a thick loess cap. Russell, Xenia, and Fincastle soils 
are deeper to carbonates than Miamian soils and have a 
thicker loess cap. The underlying glacial till is 20 to 40 
percent calcium carbonate, a relatively high percentage. 
Uniontown, Patton. and Henshaw soils have a high con- 
tent of silt because they formed in silty sediments depos- 
ited in areas that ponded In postglacial time. Warsaw 
and Eldean soils are moderately deep over calcareous 
sand and gravel because they formed in Wisconsin age 
outwash materials. Ockley and Wea soils formed in 
thicker materials similar lo that underlying the Warsaw 
and Eldean soils. The Avonburg and Rossrnoyne soils 
are weathered to greater depths, because they formed in 
older lllinoian age glacial materials. 

Some soils in the county formed in material that 
washed from other soils and was deposited on bottom 
lands. Because this material is continually deposited, 
soils on bottom lands show little or no profile develop- 
ment. Ross, Genesee, Eel. and Shoals soils formed on 
bottom lands in thick silty and loamy deposits. They are 
nearly neutral in reaction because their parent material 
washed from calcareous till. The sandy Stonelick and 
Landes soils formed in coarser textured sediments than 
Ross, Genesee, and similar SOIIS. 

slopes (5). 

I Cllrnate 

Climate affects the development of soils in several 
ways in Butler County Rainfall and temperature have 
favored plant growth. and most of the soils have a sur- 
face layer than contains significant amounts of organic 
matter The surface layer of Ragsdale. Brookston. 
Patton, and other soils is dark colored because i t  has a 
large accumulalion of organic matter as is characteristic 
in a local wet microclimate Most of the parent material 
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TABLE 1 II. --EXC!!iEEAINC PROPERTIES A N D  CLASSfFfCATIDHS- - C ~ n t  inueO 
- : C l a s s L f f c a t L o n  , r r a g -  ; P e r c e n t a g e  p a ~ a i n q  : 

; U n t r i e d  : AASHTO : > 3 : -  : l l m l t  : t l c t t y  
S o l 1  name and : D e p t h :  UQDA t e x t u r e  : :merits : ~ l e v e  n u m b e r - -  : L l a u i a  ; P l a s -  

: i n c h e s :  0 : 10 ; 4 0  : 200 ; : i n d e x  
, ? c t  : 

me0 s y m b o l  

8 P c t  : - - : I n  : -- 

' 0 - 1 3 : S l l t y  c l a y  loam ICL : A-6 : o  
: 1 3 - 3 6 : S l l t y  c l a y  l a m  ; C L .  C H .  ;A-7 : o  

; flL. MH : 
) 3 6 - 6 5 ~ S t r a t l f l e d  ~ t ! t  :CL ;A-6 : o  

Pat ton- - - - -  : i o 0  : : O D  : 9 5 - l O O : ~ O - l 0 0 :  UO-55 
I IO0 : 100 :95 -100 :75-95  I I 25-40 

5-25 

10-20 

u - I 2  
10-20 

10-15 

!4P 

; loam t o  silty 
: c l a y  loam. 

b~ - _ _  _ _ _  - ------ .. - - : 0 - 1 7 : Lo am - - -- - - - -- - - 
: 17 -29 :Sandy  c l a y  loam. 

I Loan. g r a v e l l y  
; c l a y  loam. 

: c l a y  loam. 
1 g r a v e l l y  l o a m .  

: 32-60 : S t r a t i f l e d  s a n d  
: t o  va ry  
: g r a v e l l y  Sand.  

'd a r saw 

: 29 -32 :Cr w e  1 l y  3end.l 

C L .  CL-flL:A-4. A-6: 0 
SC. CL ;A-6. : 0-3 

CL. S C .  : a - 6 .  : 0-5 

: A-2-6 ; 

G C  : A-2-6 ; 

I 

80-1 30:75-1 00:70-1 30 
9C-95 :70-95 160-90 

25-35 
25-35 

25-35  

(20  

50-90  
30-70 

30-60 

2 -10  

70-90 :60-.45 :55-70  

?0-?9 :22-55 7-20 S P .  C P ,  : A - l  ; 1-5 
SP-sn. : 
GP-Cti  : 

I 

Y e A ,  lsR-----------: 0 - 1 4 : S l l t  l o s m - - - - - - - : C L .  C L - M L I A - U ,  A-6: 0 
We a : 1 4 - 5 6 : s i l t y  c l a y  loam.lCL : a - 6 ,  A-7: 0 

I .  

: c l a y  l o a m .  ~ i l t :  
: loam. 

: t o  g r a v e l l y  : SP-SM, I 
: aand.  : CP. 

I 5 6 - 6 5 : S t r a t l f i . e d  sand : S ? ,  : A - l  : 1-5 

: GP-CM I 

7 0 - 9 3  I 2 5 - j j  ; 5-15 
65-90  : 35-50  ; 15-33  

I 

3-19  : --- : 3 0 - 7 9  I20-55 : 5-20  

: 100 
: 100 

13c : H S - l o o  
1011 ;75-100 

24-36 : 5-15 
30-50 : 15-30 

30-55 : 15-35 

J Y B ,  v y B 2 ,  U y C 2 - - - - :  0-8  : S L l t  loam-------:cL-HL. C L : A - u .  A-6 
: 8 - 1 6 : S L l t y  c l a y  ioam..:CL :A-6 ,  A - 7  

: c l a y  l o a m .  
: 1 6 - j 3 : C l a y ,  s l l t y  c l a y : C L .  CH : a - 6 ,  A-7 

I loam. c l a y  
: l o a m .  : 33-45:WeathereO I - - -  * 

: bedrock .  

: ; C 3 - - - - - - - - - - - - - - - :  0-8 :SLlty c l a y  l o a m  : C L  :t!-6# A-7 

: o l a y  loam. 

: loam. c l a y  
: loam. 

: b e d r o c k .  

V y n n  

I - - -  
I 4 

2ynn ; 9 - 1 6 : S L l t y  c l a y  loam.:CL : x - 6 .  4 - 7  

: 1 6 - 3 3 : C l a y .  s l l t y  c1aV:CL. C H  :A-6 .  A-7 

I --- : 3 3 - 4 5 : u e a t h a r e d  , --- 
I 4 

4 u B ' .  V u C ' :  
W y n "  ..___-_..--..---- : 0-8 :silt loom------- I C L - f l L ,  C L : A - 4 ,  A-6 

: 8-16 :S l l t . y  c l a y  loam,:CL ; ~ - 6 ,  a-: 
: c l a y  l o a m .  

: 1 6 - 3 3 : C l a y ,  3 l l t y  c lay :CL,  C H  : a - 6 ,  A-7 

0 
0 

a o - 7 0  
70-95  

B O -  100 : 75-95 : 79-95 

I 

! --- - - -  
I --- --- 

80-95  
70 -95  

73 -95  

_-.. 

80-90  
70-95  

70-95  

I00 ;85-100 
I 0 0  175-100 

80-100:75-95  

50-45 I 15-25 
30-50 : 15-30 

:0-55 : 15-35 

t - --  --- 

100 
130 

95-10C 

0 
0 

0 - 1 0  

--- 

0 
0 

0-1 0 

I --- I ---  - -- 

100 : 100 ; 8 5 - I O 0  
100 ; 100 :75-100 

95-1 00 ;80-100 ;75-95  
6 

; --- 1 --- _- -  

24-38 I 5-15 
30-50  : 15-30 

30-55 ; 15-35 
I l oam.  c l a y  
: l o r n .  

: 3j -Q5:Weetheraa  
: b e d r o c k .  

' J r b a n  l a n d .  

X a A .  Xe9. XeB2-----; 0 - l O : S i l t  loam------- 
Xsn l a  : l O - 3 1 ; S t l t y  c l a y  ldam 

: j l - 7 f : L o a m .  c l a y  loam 

(fA. X f B ,  X f B Z - - - - -  0-8 :Silt loam------- 
xen ia  : 8 - 2 6 : S i l t y  c l a v  Loem : 

I 

I --- I --- --- 

C L .  C L - f l L I A - u ,  A - 6 1  0 
CL iA-6. A-7: 3 
C L .  tiL, : A - U ,  A-6i 0 - 5  
sc, 5n : 

I 

100 I 100 :90-100 
100 I 100 : o o - l o o  

85-95  : 8 0 - 7 0  I75-90 

70 -100 :  2 5 - j 5  : 5-15  

40-65 ; 15-30 : NP-15 
80-95  : 35-50 : 15-30 

C L ,  C L - n L I A - u ,  A-6: 0 109 100 ;90-100 70-1001 25-35  : 5-15 
CL :A-6. A-7: 0 100 : 100 :90 -100 :80-95  : 35-50 15-30 

; 2 6 - U 2 !  Clay loam,  3 t :  t y : C L  : ~ - f j ,  A - 7 :  0-5 92-100:90-F5 ;75-95  165-75 j 35-50 I 15-30 

ip -6 ,  A-7:15-30 i95-95  i75-90 i70-85 j55-75 30-50 i 15-35 : Q 2 - 5 9 : S t o n y  c l a y  loam ; C L  
: 59 :Wea the red  

: a l s y  loam. 1 

, --- I --- , - --  , - - -  , --- ! - _ -  : - - -  : - - -  ' 
I --- 

: b e d r o o k .  I 

- 
See m - 3 ~  u n i t  a - J c r i p t l o n  f o r  t h e  campoa t t ion  and b e h a v l o r  o f  t h e  map u n i t .  

c)c0050 
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TALILC 15. --P!i Y S  IC AL A N  0 CHEMICAL PR OPE AT IES OF $0 :LS - - C o a t  l n u e d  

E r o s i o n  f 
1 Utnd f e c  tora S o i l  ndma a n d  : Depth : P e r m e a b l l t t y  : A v a l l a b l t !  Sol1 I S h r i n k - s w e l l  : : w a t e r  , r e a c t t o n ;  p o t e n t t a l  : : c r o d l b l l l t y  

:capacity I ; K : T !  $ r o u p  
m a p  aymbol : 

i n  : n / h r  ; I n / 1 n  : pK : - 

l r b a n  l a n d  

: , - A ,  XeB. XeB2- - -  
t e n l a  

-- 

0-13 I 
13-36 I 
36-65 I 

0-17 : 
17-29 i 
29-32 4 

32-60 I 

0-14 : 
IU-56 ; 
56-65 ; 

0 - 8  : 
8-16 
16-33 
3 3-45 

g - 5  
8-16  
16-33 
33-"5 

0-8 
8-16 
16-33 
33-45 

6 

I 

0-10 
I 0 - 3  I 
3 1-72 

0 -0 
3-26 

26-'J2 
U 2-59 
59 

0.6-2.0 
0.6-2.0 
0.6-2.0 

0.6 -2.0 
0.6-2.0 
0.6-2.0 

> 20 

0.6-2.0 
0.6-2.0 

>20 

0.6-2.0 
0.2-0.6 
0.06-0.6 

- - -  
0.6-2.0 
0.2-0.6 

0.05-0.6 - -- 

0.6 -2.0 
0.2-0.6 

0.06-0.6 
- -- 

0.6-2.0 
0.2-0.6 
c.2-2.0 

0.6-2.0 

0.2-0.6 
0.2-0.6 

0.2-0.6 

- _- 

I 
0 

:0.21-0.23:6.6-7.3 IHodtrate------: 
;O. 1~-0.20:6.1-7.8 : M o d e r a t e - - - - - - ;  
: 0. 184.22; 7 .  U - 7 . 8  

:0.2O-O.ZU;5.6-7.3 : L O W - - - - - - - - - - - :  
:0.16-0.19:5.1-7.8 : L O U - - - - - - - - - - - ;  
:O. 15-0. 17 i6.6-8.4 :LOW--- - - - - - - - - :  
:O.O2-O.O4:7.9-8.4 : L O W - - - - - - - - - - - :  
1 I 0 

: 0.20-0.24 :5.1-6.5 ;Lou--------- - - :  

:0.02-0.04;7.4-8.4 : L o u - - - - - - - - - - - ;  

:!lodara te------ 
I 

:O. 15-0.20; 5. 1-6.5 : M o d e r a t e - - - - - - :  

! , 
i 0.22-0.2U is. 1-7.3 
; O .  15-0.20(5.1-7.3 
10.09-0.18:6.1-8.4 
; ; --- 
:0.2l-o.a3:5.1-7.3 

I 

;0.15-0.2015.1-7~3 
l0.09-0.18:6.1-8.u 

I I 
; 0.22-0.2u I S .  1-7 6 3 
:O. 15-0.2015.1-7.3 

0.28 
0.28 
0.28 

0.28 
0.28 
0.28 
0.10 

0.32 

0.10 

0.37 
0.37 
0 . 3 7  

0.37 
0.37 
0.37 

0.93 

_ _ -  

- .._ 

0.37 
0.37 

:0.22-0.24 
:o. 18-0.20 
:0.05-0.19 

1 0.22-0.24 
:O. 18-0 .20  
10.15-0.19 
: 0.04-0.08 
, --- 

6.1-8.4 : M o d e r a t e - - - - - - ,  a 0.37 --- 

6.6-7.3 
5 . 1 - 6 . 0  
7.9-8.4 

6.6-7. 3 
5.1-6.0 
5.1-7.3 
7.9-8.4 --- 

: L O U - - - - - - - - - - -  : 0.37 
: M o d e r a t e - - - - - - :  0.37 
: t i o d e r a t e - - - - - - :  0.37 

; 0.37 : M o d e r a t e - - - - - -  
, ---  I _ _ _ _ _ _ _ - - - - - - -  

5 

4-3 

5-4 

3 -2 

3-2  

3-2 

5 

5 

7 

5 

- 

5 

5 

* S e e  map u n l t  d c 3 c r l p t l o n  for t h e  c o m p o ~ i t l o n  and b e h e v l o r  o f  t h e  mao u n l t .  

c 

b 
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Sheet1 

PICTURE LOCATION 
NUMBER NUMBER LOOKlNG 5k!x?LC N o  

1 1 EAST K?S - C H  - oq1 

3 1 WEST 't  ., 
4 1 WEST 1. t '  

5 2 NORTH W S - C H - 0 1 1 7  

2 1 '  EAST I ,  @ I  

{I 

4 

6 2 NORTH I I \  I t  

7 2 SOUTH \ c \  
*I 

11 
8 2 SOUTH I ,  t .  

9 3 NORTH \Ti's - CH - 0 4 0  

15 
16 

3 
3 

NORTH " 1 1  1 ,  

SOUTH L *  
1 I ,  

10 
I 1  

12  3 SOUTH I, 

14 4 SOUTH- I, I .  

L .  

K 3 s  - c u  - QL+? 
13 4 SOUTH 

4 
4 



- TAB E 1: ON-SITE BACKGROUND SAMPLING RESULTS FOR THE KIMBLE STTE 

SamDle ID Grid Location Depth U-238 Told U Chromium Arsenic 
(coordinates in feet 

~ C ~ ~ ~ & ~  N 146. E 279 0.5 1.5 

KPS-CH-047B 
KPS-CH-047D 
KPSCH447F 
KPS-CH448A 
US-CH-OPIB 
KPS-CH-048D 
KPS-CH-048F 
U S - C H 6 4 9 A  
KPS-CH449B 

1 .o 
2 .o 
3.0 
0.5 
1 .o 
2.0 
3 .O 

N 1070, E 260 0.5 
1 .0 

N S5l. E 266 

13.5 
10.3 
7.4 

I * R  3.60 M D A  15.6 
13.3 
10.2 
10.6 

I .8 3.60 h4DA 9.9  
9 . 9  

KPS-CH-046B 1 .o 18.3 18.8 

KPS-CH-046F 3 .O 1 1 . 3  29.5 
KPS-CH-047A N 314. E 190 0.5 1.7 3.40 MDA 14.0 10.3 

8.4 
8.1 
7.3 
9.4 
0.0 
6.9 
5.4 
8.8 
7.3 

US-CH-049D 2.0 20.9 15.8 
KPS-CIlo49F 3.0 14.1 14.3 
KPS-CH-OS3A N I 115. E 33 0.5 1.4 2.80 h4DA 8 . 3  9 .2  
KPS-CH-OS3B 1 .o 9.1 7 .9  
KPS-CH-OS3D 2.0 2 1 . 3  25.3.. 
KPS -CH-OS 3F 3 .O 9.6 . 11.3 

KPS-CH-046D 2.0 12.1 -149 

Avenge 12.9 12.5 
SLida  rd Dcvia tion 4.2 6.1 

Avg + 2 sigma 21.3 24.7 

F'. I 

153 
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Page 2 

II, 1 5 3 6  
L 

Soil Test Descriptions 

-. __-_----.-...-..- .... - 7 --- --.-..__._ 
. ... . ........... ̂ ................_ ._........._.~,_ ". Test Location 

KPS-CH-046 (loc I )  
.................. I ............. .... ............ 

0 ro 6 inches, dark yellowish orange ( I O Y R  616) silt loam (ML-CL,  
friable, with abundant roots and organic plant material. 
6 to 24 inches; dark yellowish brown ( I O Y R  412) silrv clav loam (CL), 
firm, with some well rounded gravel and pebbles. 
24 to 30 inches; grayish brown (SYR 312) s h v  clay loam (CL), firm, 
with some well rounded gravel and pebbles. 
0 to 6 inches; dark yellowish oranse ( I  O Y R  616) sill. loam (ML-CL), 
friable, with abundant roots and organk plant material. 
6 to 12 inches; dark yellowish o r a n g  (lOYR 616) silty clay loam (CL], 
firm, with some well rounded gravel and pebbles. 
11 to 18 inches; dark yellowish brown ( I O Y R  412) silty clav loam 
0, firm, with some well rounded gravel and pebbles. 
0 to 8 inches; olive y a y  (SY 3/2) silt loam ( W - C L ) ,  friable, with 
abundant roots and organic plant material. 
S to 24 inches; light olive gray (5Y V2) s&. clav loam (CL), firm, 
with some well rounded gravel and pebbles. 
0 ro 6 inches; fight olive g a y  (Sun 512) silr loam N - C L ) ,  friable, 
with abundant roots and orgarlic plant material. 
6 IO IS inches; light olive brown ( 5 Y  516) siltv clav loam fCL), firm, 
little plant roois, with some well rounded gravel and pebbles. 
IS to 36 inches; olive gray (SY Y2) sdtv clav loam CCL], firm, trace 
plant roors, with some well rounded gravel and pebbles. 
0 to 6 inches; olive gray (5Y 3/3) silt loam (PIL-CL), friable, with 
abundant roots and organic plant material, some gravel 
6 10 1s inches; moderate olive brown (SY 414) s;ltv clay loam (CL), 
firi-iiywith abundant roots and organic plant material. some sravei. 
IS to 24 inches; olive gray (SY 3/2) silty clav l o a n  (CL), firin. trace 
well rounded gravel a n 9 e b b l e s .  

KSP-CH-047 (loc. 2) 

KSP -CH-048 (loc. 3) 

KSP-CH-049 (loc. 4 )  

KSP-CH-052 (loc. 5 )  

-.--- -.---.. -.- -_I_ 

It has been a pleasure to support you on this task. Please advise if you have any question or 
need add i t i o n al i n fo rrn a t I on . 
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Determination of the Background-Based Soil Clean-up 
Action Level for Arsenic 

at Kimble Property, Butler County, Ohio 

The soil cleanup action level for arsenic at the Kimble property at Butler County, Ohio is 
determined based on the levels in background samples collected from the property soils. 
Statistical analyses are performed using the sample data. and following the guidance 
document "Closure Plan Review Guidance for RCRA Facilities" by the Ohio 
Environmental Protection Agency (OEPA, 1993). The action level for the cleanup of the 
property soils contaminated with arsenic from anthropogenic sources is determined to be 
33 m a g .  This arsenic concentration value for site soils for any depth is the 95 percentile 
upper confidence level of the 95 percentile of the background arsenic distribution at the 
property soils. The statistical analyses performed to derive the action level are 
summarized below, which include: 

0 Analysis of Variance (ANOVA) to determine the randomness of samples at various 
soil depths 

0 Normality test to determine the type of distribution of the background arsenic in soiis 
0 Outlier test 

Fitting ofLognormal distribution to sample data 
0 Determination of the upper 95 percentile confidence level. 

Sample Background Data 

Arsenic is ubiquitous in natural soils. The background arsenic concentrations in 
sedimentary soils (shales and clays) range from 0.3 to 490 mg/kg (USEPA, 1987). Since 
arsenic exists in soils as compounds attached to soils particles, the spatial and in-depth 
distribution of soil arsenic concentrations may exhibit high variation across a site 
depending on the degree of soil heterogeneity (soil type, texture, and structure) across the 
site. In order to de temne the soil background arsenic concentrations across the Kimble 
Property, the soil samples were taken fiom five boreholes located on the property. The 
borehole locations wluch are shown on Figure 1 were selected to provide representative 
background soil samples for the property area. and in soil depths from 0.5 feet to 3.0 feet. 
These borehole sampling locations are: 

0 

0 

0 

0 

away from past waste management areas 
away from areas affected by surface runoff fiom waste management areas 
away from storm drains or ditches receiving industrial and urban runoff presently or 
historically 
away fiom any spill areas 
away from materid handling areas 

1 



away from f i l l  areas. 

Mean 
Median 

At each borehole four soil samples were taken at 0.5-, 1-,2-, and 3-foot depths. Soils at all 
boreholes exhlbit similar characteristics (0-6 inches silt-loam, and 6-36 inches silty clay 
loam in general), indicating homogeneous soils across the site (USDASCS, 1980). 

12.51 
10.15 

The arsenic concentrations at four soil depths at the five boreholes are shown on Figure 1, 
and the sample statistics are shown in Table 1. 

Kurtosis 
Skewness 
Range 
Minimum 

Table 1- Sample Data Statistics 

- - 

2.3 1 
I .4 
22.6 
6.9 

Count 1 20 1 

Standard Deviation 16.07 
Samde Variance 1 36.85 

I 29.5 I Maximum I ~ 

ANOVA Test 

The ANOVA test was used to determine if the twenty arsenic samples can be considered 
as independently, and identically distributed randoni variables (a prerequisite for frequency 
distribution analysis) (Snedecor and Cochran, 1967). Since for each depth interval, the 
sample concentrations do not show any apparent spatial correlation, samples fiom the 
same soil depth can be considered random. Also, there is no apparent trends in 
concentrations with soil depth. The ANOVA test was set up to test the hypothesis that the 
mean arsenic concentration at each of the four soil depths are the same. Prior to 
performing the test, data was normalized by log-transformation. The result of the test is 
shown in Table 2 below (see the attachment for the excel worksheet). 

2 



F'. -I 

Source of Variation 

Between Depths 
Within Depths 

Total 

- 2'536 

ss df MS F .  Fcritical 
0.3654 3 0.1218 0.668 3.23 
2.9 153 16 0.1822 

3.2807 19 

Table 2. - Analysis of Variance 

The test variable, F, has a value (0.668) less than the critical value of 3.23 at the 5 % 
significance level. Therefore, the null hypothesis that mean arsenic concentrations are 
same for all of the four soil depths can not be rejected at 504 level of significance. 
Consequently, in the remaining analysis, the 20 sample points are considered independent, 
and identically distributed random variables (sample data from the same parent 
background arsenic population). 

Normality Test 

A normality test was performed for the sample data using the USEP.4's SCOUT software 
(USEPA 1991). The Kolmogorov-Smirnou normality test at 5% significance level 
indicated that the test statistic (0.229) is greater than the Critical test value of 0.192 for * 

the normal distribution assumption to be accepted. Therefore, the data is nonnormal with a 
skewness of 1.5 For the subsequent analysis, the skewness of the data was removed by 
log transforming the sample data points With the log-transformed data, the Kolmogorov- 
Smirnov Normality test at the 5% sigruficance level resulted in the vatue of test statistic of 
0.13 which is less than the critical value of 0 192. Therefore the hypothesis that the log- 
transformed data is normal cannot be rejected: and the data is assumed to be a sample 
from a lognormal distribution. 

Outlier Test 

Following the Closure Plan Review Guidance for RCRA Facilities of the Ohio 
Environmental Protection Agency, an outlier test was performed using the log- 
transformed data to dctemine whether there is statistical evidence that an observation that 
appears extreme docs not fit the distribution of the rest of the data. The upper and lower 
cutoff values for arsenic concentrations to be considered to be outliers were determined 
based on the upper quartile (75 percentile), and lower quartile (25 percentile), and the 
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interqumile range (upper quartile-lower quartile). The computed lower and upper cutoff 
values were 3 and 40 respectively (see the attachment for the excel worksheet). Since no 
data point is outside of this range, it was decided that there are no outliers in the data set. 

I mglkg 
50 11.3 
80 16.6 
90 20.3~ 
95 24.0 
98 25.9 

Fitting Lognormal Distribution 

mdkg 
1.2 
2.0 
2.8 
3.8 
5 .3  

A two-parameter lognormal distribution was fitted to the 20 data points by the method of 
moments and the method of maximum likelihood (Kite, 1977). The mean of the log of 
data is 2.4364, and the variance is 0.17267. Using the parameters of the fitted distribution 
the arsenic concentrations at 50, 80, 90, 95, 98, and 99 percentile points of the 
distribution were derived. The standard errors of these estimated percentile values were 
also computed using method of maximum likelihood. The derived percentile values and 
their corresponding standard errors are shown in Table 3 (see the attachment for the 
FORTEMIN code for the lognormal distribution, and input and output files). 

Table 3- Percentiles of the Background Arsenic Distribution 

Standard Error ~~ 1 Percentile I Arsenic Concentration, 1 I 

Determination of the Upper Confidence Level 

In order to account for the sampling uncertainty 95 percentile upper confidence level was 
computed for the estimated percentile values of the background arsenic distribution in site 
soils. The upper confidence level was computed as the percentile value plus the standard 
error times the t-variate. The t-variate at 0.025 significance level (2-sided) and 19 degrees 
of freedom (sample size of 20 minus 1) is 2.433. The computed value of the upper 
confidence level for the 95th percentile ofthe distribution is then 33.2. 
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Attachments: 

1. EXCEL Sheet- ANOVA TEST 

2. EXCEL Sheet- Outlier Test for Sample Data 

3 .  Computer program (FORTRAN 7 7 )  to fit lognormal distribution to sample data, input 
and output 
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r 5 3 g  

depth 
0.5 

1 
2 

Background Arsenic Data Set I 
I 

Sample locations' ! 
CH-046 CH-047 CH-048 CH-049 CH-053 

16.1 10.3 9.4 8.8 9.2 

10.9 8.1 6.91 15.8 24.5 
18.8 8.4 101 7.3 7.9 

-- 
31 29.5 7.3 15.4) 14.3 

I I 
11.3 

I 
Anova; Single Factor 

1 
SUMMARY I 

I I 
I I 
I 

1 - I I I 1 
Groups I Count Sum i Average I Variance 1 

O S J  51 53.8 10.76 I 9.21 3 '  
11 5i 52.4 10.48 22.637 
21 51 68.2 13.24 51.358 
31 51 77.8 15.56 70.578 

2 

KIMBLE.XLS 

I 1 I I 
I ANOVA I 

r 

Source of Vanahon ss I df I MS F 1 P-value F crit 
Between Groups 65.0941 31 28 36466671 0.73777' o 54477 3.238867 
Within Groups I 615.144' 161 384465' 

Total I 700.238 191 I ! 
I I - -- 

I 
'Perform test with Loo-transformed v a l u e r -  

I I 

depth I CH-046 CH-047 , CH-048 CH-049 ICH-053 I 
0.51 2.7788192721 2.33214389s 2 24070969 2 17475.4 2.2192031 

1 I 2.93385687 2.128231706 2.30258509 1 987874, 2.oe6863 
21 2.388762789 2 091864062 1.9315214i z 76001 3.1986731 
3 I 3.3843~10263 I 9a7874348 2.73436751 2.66026 2.4248031 

Anova: Slngle Factor I 

SUMMARY I I 

1 I I I 

ANOVA i I I 

Source of Variation ss df MS ! F P-value I F crit 
Between Groups 1 0.365420552 I 3 o . I z I ~ o ~ ~ ~ !  0.668522 0.583595 3,238867 
Wlthln Groups i 2.91 5252504 1 16: 0,18220328 

I 
I I I I 



Background Arsenic Data Analysis: Outlier Test for Sample DR!e 

logs1 value 
UCutoff 1.6060741 40.37144 
LCutoff 0.489931 I 3.089808 

I 

I I I I I I I I 

I I I I 

/Upper cutoff for outlier test 
[Lower cutoff for outlier test 

I 

I 

Q75 w 1.187521 
I 0.908485 1 

U 1 J  
I I I 

P.'? 

7 5 3 6  
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COMPUTER PROGRAM (FORTRAN 77) TO FIT LOGNORMAL 
DXSTRIBUTION TO SAMPLE DATA 
c compute method of moment and maximum likelihood esbmtcs 
c for t-year evcnts and standard errors for 2 pameter  
c lognormal distribution 
c input: 
c title 
c n number of m n t s  
c x series of evcnts 

c caded by Vefa Yucel, 1/26/96, reference: G. W. Kite, Frequency and Risk 
c Analysis in Hydrology 

C 

C 
real's snd(6) 
real x( 100) 
r d . 8  xt(6). sx(6) 
character*80 title 
d * 8  k,ml,m2,m3,ab.c.g.z.~delta 
data sad0 3 4  16,1,28 16.1.6449.2.0538.2.3264/ 
rcad(5.100) title 
mad(&*) n 
xn=n 
read(%*) (x(i),i=l.n) 
writc(6,lOO) title 

100 format(8Oa) 
write(G,*) ' 2 - p m c t c r  lgonormal distribuhon' 
writc(G, *) 
Vvlitc(b,*) ' input data 
wri tc(G, *) (x(i). i= 1, n) 
writc(G. 12) 

a*, 
b=o. 
0. 
do 1 i=l,n 
a=a+x(i) 

c = = ( i )  * +3. 
1 continue 

ml=a/xn 
mz=@/xn)-(a/..un)* *2 
rn3=(c/xn)+Z. *rnl * *3. -3. 'm 1 *@In) 
m2=m2'xn/(xn-l.) 
g=m3/(m2** 1.5) 
write(G.5) rnl 
write(6.6) m2 
write(6.7) g 

12 format(31~17hmethod of moments.//) 

b=b+~(i)**2. 

5 format(20x,9hmcan of x.16x.el2.5) 
G fonnat(2Ox,13hvar1a~ce Ofx,l6x,c12.5) 
7 fonnat(20~,9hskcw of x.16x,e12.S,/) 

Zr(dsqn(m2))/rn 1 
a=dlog(l.+z+*2) 
do 2 j=1.6 

1 



t=snd(j) 
k=(exp(dsqrt(a)* t-a/2.0)-1 .O)/z 
aQ)-m 1 +k*dsqn(m2) 
delte=dsqrt(l.0+((z0*3+3.*z)*k)+((z**8+G. *z**6+ 15.*~'*4+-16. *z** 
12+2.0) *k* *2)/4.0) 

2 sx(j)=delta*dsqrt(W.xn) 
write(6.13) 
write(6.14) (xt(j)J=l,6) 
Write(6,lS) (sx(j) j=1,6) 

13 fomt(3~'Percenti le  50 80 90 95 98 99'./) 
14 
15 fo~t(3?clhs.3~.6~12.5./.4~lht,//) 

format( 3 x, 1 hx. 3 x,6e 12. S ./.4x. 1 h 1) 

do 3 ]=l,G 
t=snd(i) 
kt(e.up(dsqrt(s)*t-a2.0)-1 .O)/z 
delta4sqn((a*((l.O+k*z)**2)+(1.0+(t**2)/2 O))/z*+2) 

a=O 
b=O. 
c=O . 
do 4 i= l ,n  
s(i)=dlog(x(i)) 
a=a+x(i) 
b=b+x(i)T *2  
c==x(i)+*3 

4 continue 
m 1 =&,a 
rn2=(b/m)-(a/xn)* *2 
m3=(c/xn)+2.0*rnl**3-3 O'm 1 *(b/sn) 
m2=m2*,d(?cn-I) 
g=m3/(m2*+1.5) 
Mite(6 .7  
write(6.*) rnaxlmum likelihood procedurc' 
tvrite(6,*) 
~vrite(6.17) rnl 
write(6,18) m2 
write(6,19) g 
write(G,l3) 
writc(6,14) (x?(i) j= 1,6) 
writc(G, 15) (sx(~),j=l.6) 
stop 

3 sx(i)=dclta*dsqn(m2/xn) 

17 format(20~,15hmcan of In(x) ,10x,c12 5) 
18 €ormat(20x,l9hvananince of ln(x) .Gx.e12.5) 
19 €onnat(20x.lShskew of h(x)  .10x.e12.5,/) 

cnd 

F. 11 
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INPUT DATA 
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Kimble Property- arsenic concentrations 
20 
16.1 
18.8 
10.9 
29.5 
10.3 
8.4 
8.1 
7.3 
9.4 
10 
6.9 
15.4 
8.8 
7.3 
15.8 
14.3 
9.2 
7.9 
24.5 
11.3 

OUTPUT 

kimble Property- arsenic concentrations 
2-parameter lgonormal distribution 

input data 
16.1000 18.8000 10.9000 29.5000 10.3000 
8.40000 8.10000 7.30000 9.40000 10.0000 
6.90000 15.4000 8.80000 7.30000 15.8000 
14.3000 9.20000 7.90000 24.5000 11.3000 

method of moments 

mean of x 0.12510EM2 
variance Of x 0.3655SE+02 
skew of x 0.13690€+01 

Perccn til e 50 80 90 95 98 99 

P. 12 

1 5 3 6  

X O.I125SE+02 0.16574Ei-02 0.20290E42 0.23980E-tO2 0.28941EM2 0.32806€:+02 
t 

S 0.1 173 lEcOl 0.227128+01 0.32567E+01 0.42774E-i-01 0.56763E-tOI 0.67762E-t-01 
t 
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P. 13 

-' 1 5 3 6  
maximum likelihood procedure 

mean of In(x) 0.24364EW1 
variancc of In(x) O.I7267E+00 
skew o f  In(x) 0.73926EHO 

50 80 90 95 '9 s 99 Percentilc 

X 0.1 125SE+O% 0.16.574EM2 0.20290E+02 0.23980EM2 0.28941E+O2 0.32806EW2 
t 

S 0.11573E+01 0.19832Ei-01 0.28157E+01 0.37323EM1 0.52473ENl 0.64941Et01 
t 
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